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Bulletin.     Tome  III.  3,  4,  IV.  1,  3,  3,  1884-85,  1885-86.    8". 
Budapest. — Kdn.  ung.  Central- AnMalt  fur  Meteorologie  und  Brdmagnetisnuut. 

Jahrbiicher.    Jahrg.  X-XIV,  1880  -84.    4o. 
Buenos  AiKBS.—Sodedad  Cientiflca  Argentina. 

Anales.    Tome  XIX.  4,  XX,  XXI,  XXII.  1-4,  1885-86.    8°. 

Examen  de  la  propuesta  y  proyecto  del  paerto  del  Sr.  D.  Eduardo  Madero. 
For  Luis  A.  Huergo.    Parte  i,  11,  1886.    8«>. 
CaJjOVTT A..— Asiatic  Society  of  Bengal. 

Journal.    Vol.  LIIL  il  8,'lIV.  I,  ii,  LV.  i.  1,  2,  U.  1,  2.  1884-86.    8©. 

Proceedings.    18a%  1886,  No.  1-7.    8^. 

Centenary  review  of  the  Asiatic  Society   of  Bengal  from  1784  to   1888. 
1885.    8o. 
Oeciogical  Survey  of  India. 

Palapontologia  Indica.  Ser,  II,  vol.  i.  3  fasc.  5;  IV,  vol.  I.  5;  X,  vol. 
ill.  6-8,  Iv.  1,  2;  XIII,  vol.  I.  4  fasc.  5,  5;  XIV,  vol.  i.  3  fasc,  5,  6; 
1885-86.    40. 

Memoirs.    Vol.  XXI.  3,  4, 1885.    8°. 

Records.    Vol.  XVIII.  3,  4,  XIX,  1884-85.    80. 
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Calcutta. — MeUonylogical  Department  of  the  Gfcvemwtent  of  India, 

Indian   meteorological  memoirs.    Vol.  II.  3,  4,  III.  1,  IV.  1,  1884-^.    fo. 

Report  on  the  meteorology  of  India.    1883,  1884.    I<>. 

Report  OD  the  administration  of  the  meteorological  department.    1883-^. 

Meteorological  observatione  recorded  at  six  stations  in  India.    1885,  1886, 
Jan.-Jnne.    f®. 
Cambridoi. — PhUoMfphic€U  Society.  ^ 

TransactiODB.     Vol.  XUI.  3,  1885.    4o. 

Proceedings.    Vol.  V.  4,  5,  1885-86.    8o. 
CATAJfiA. — Aeeademia  Oioenia  di  Scienze  Naturali. 

Atti.    Serie  III.    Tomo  XIX,  1886.    4°. 
CHBRBonRO.~/Sbd4^t^  NationaU  de*  Sciences  NaiurcUes. 

M^moires.    Tome  XXIV,  1884.    8©. 

CaUlogue  de  la  bibliothdque.    n.  3,  1888.    8<>. 
Cbbibtiania. — Kong.  Nonke  Unitfersitet, 

Antinoos;  eine  kanstarcbaologische  Untersachnng.  Von  Dr.  L.  Dietrich- 
son.    Universiiatsprogramm.    1884.    8^. 

Om  humanisten  og  satirikeren   Johan  Laurenberg.    Af  Dr.  L.  Daae. 
Uniyersitets-program.    1884.    8°. 
Jioneegiwke  Commission  der  WuroptiiscTien  Oradmessung. 

Oeodatische  Arbeiten.    Heft  IV,  1885.    4<'. 

Vandstandsobservationer.    Heft.  Ill,  1885.    4o. 
Ncrwegisehes  mdeorologisches  InstUtU. 

Jahrbuch.    1881-84.    4©. 
Norwegian  North- Atlantic  Mepedition,  1876-78. 

Publication  XIV,  XV,  1886-86.    4o. 
VidmskaU  Selskabet. 

Forhandllngar,  1884,  1885.    8°. 
Chur. — Naturforschende  Oeadlschqfl  Graubiindens. 

Jahresbericht.    Neue  Folge.    Jahrg.  XXVIII,  1883-84.    8°. 
Cordoba. — Academia  Naeional  de  Oencias. 

Actas.    Tomo  III.  2,  IV.  1,  V.  i,  1878-84.    4°. 

Boletin.    Tomo  II.  1,  3.  4,  III.  5,  VI.  2,  8,  VIII.  2-4,  1875-86.    8°. 

Informe  oflcial  de  la  comision  cientifica  de  la  expedicion  al  Rio  Negro  en 
1879.    Entrega  I-III,  1881-82.    4°, 
D^itzio.^NcUurforKhende  Oesettschaft. 

Schriften.    Neue  Folge.    Bd.  VI.  2,  3, 1885-86.    8°. 
Duos. — Acad^ie  des  Sciences,  Artset  Betles-Lettf^es. 

Mc'moires.    3*  e^r.    Tome  VIII,  1883-84.    8°. 
DoBPAT. — Oelehrte  Estnisehe  Ges^lsehaft. 

SltBungBberichte.    1885.    8°, 
Naiurforscher-  Gesdlsehaft. 

Archiv  fiir  die  Naturkunde  Liv-Ehst-und  Kurlands.    8er,  I.    Bd.  IX.  8. 
8er.  n.    Bd.  X.  2.     1885.    8o. 

Sitzungsberichte.    Bd.  VII,  2, 1885.    8°. 
Dresdbk. — Naturwisaenseh<j0%che  OeseUseTuft  Isis. 

SitzuDgsberichte  und  Abhandlungen.    1884,  1885  Jau.^une.    8°. 
VereinfUr  Mrdkunde. 

Jahresbericht.    XXI,  1885.    8°. 

Verzeichniss  von  Forschem  in  wissenschaftlicher  Landes-  und  Volkekunde 
Mittel-Europas.    Bearbeitet  von  Paul  Emil  Richter.    1886.    8°. 
Dubinin. — Bofdl  Geological  Society  of  Irdatul. 

Jonmal.    Vol.  XVI.  3,  XVII.  1,  1886.    8°. 
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X^JTBLVH.—BoyaL  Iriih  Academy. 

Transaotlons.    Vol.  XXVIII.  17-20, 1884-85.    40. 

Proceeding^.    Ser.  II.    Science.    Vol.  IV.  3,  4.  Polite  Llteratnre  and 
Antiquities.    Vol.  II.  6.    1885.    8°. 
Edinbdboh.— GWoi^ieoZ  Society, 

Transactions.    Vol.  IV.  8,  VI,  1888-85.    8°, 

Royal  Observatory, 

Astronomical  observations.    Vol  XV,  1878-86.    4°. 
Micrometrical  measures  of  gaseous  spectra  under  high  dispersion.    By  0. 
Piazzi  Smyth.    1886.    4^. 

Boyal  Physical  Society, 

Proceedings.    Vol.  VIH,  1888-85.    8«>. 
^ymvasi,—Naiurforsehcnde  GestMschc^. 

Jahresbericht.    LXX,  1884-85.    8°. 
FiRBNZB.— BJMio^eca  NazUmale  Centrale, 

Bollettino  delle  pubblicazioni  Italiane  rlcevute  per  dirltto  di  stampa. 
1886,  No.  1-34.    8°. 

R,  latUuto  di  Studi  Superiori  Pratici  e  di  Pnfezkmammto. 

Pubblicazioni.    Sezione  di  filosofia  e  di  filologia : 
Bella  interpetrazione  panteistica  di  Platone.    DI  Alessandro  ChiappelH. 

1881.    80. 
Stato  e  chiesanegli  scritti  politic!  A.  D.  1123  1847.    Studio  storico  di 

Francesco  Scaduto.    1882.    8®. 
LMnyito  di  Eudossia  a  Genserico.    Studio  crltico  del  Prof.  Ouiseppe 

Morosl.    1882.    8©. 
II  primo  siuologo  C.  Matteo  Ricci.    Per  Lodovico  Nocenthil.    1882.    S^. 

Seziene  de  scienze  fisiche  e  natural! : 

Sulle  convulsioni  epllettiche  per  yeleni.    Ricerche  del  Dottori  A.  Rovighi 
e  G.  Santini.    1882.    8^. 

Sezione  di  medicina  e  chirui^a : 

Archivio  della  scuola  d'anatomia  patologica.    Vol.  1, 1881.    8^*. 
Frankfurt  a.  JA.^Deuttche  malakotoologische  OesdUchaft, 

NachrichtsbUtt.    Jahrg.  XVU.  7-11,  XVni.  1-10,  1885-86.    8°. 

Senckenbergische  naturforschende  OeseUschaft, 

Abhandlungen.    Bd.  XIV.  1,  1886.    4©. 
Bericht    1885.    8°. 

Reiseerinnerungen  aus  Algerien.    Von  Dr.  W.  Kobelt.    1885.    8°. 
GBvi^YiR.—Irutitut  National  Oenevois. 

Bulletin.    Tome  XXV,  XXVI,  1884-85.    8°. 

Soeiett  de  Physique  et  d^Ifistoire  Naturdle. 

M^molres.    Tome  XXIX.  1,  1884-85.    4°. 
Genova,— -SfKWO  Civieo  di  Storia  Naturale. 

Annali.    Vol.  XVIII-XXU,  1882-85.    8°. 
GiBSSBN. — Oberhessische  OeseUschqftfUr  Natur-  und  Heilkunde, 

Bericht.    XXIV,  1886.    8°. 
Glasgow. — Oeohgical  Society. 

Transactions.    Vol.  I-VII,  1860-84.    8°. 

Natural  History  Society. 

Proceedings  and  transactions.    New  Series.    Vol.  I.  2, 1884-85.    8°. 
Index  to  proceedings,  vol.  I-V.    1885.    8°. 

Philosophical  Society. 

Proceedings.    Vol.  XVI,  1884-85.    8«>. 
GttTTlNOBN. — Kihixgl.  QesdUchaft  der  Wissenschaften. 

Nachrichten.    1885.     8°. 
Gi*8TROW. —  Verein  der  Freunde  der  Naturgesehichte  in  Mecklenburg/. 
Archlv.    Jahrg.  XXXIX,  1885.    80. 


Additions  to  the  Library.  xi 

Haiulva.— iitoZ  OoUgio  de  Bden, 

Obseiraciones  maf^etiCM  y  meteorologicaB.    1886  Mil.    i°. 
Hallk.— iCai«.  Leopoldini»eh-  CardiniseJie  dnUtche  AkademU  der  Natufforacher. 

Leopoldioa.    Heft  XXI,  1885.    4°. 
NatwforacfieHde  OemOtehaJt, 

Abhandlnnjfen.*    Bd.  XVI.  8, 1885.    4°. 

Bericht.    1884.    4°. 
NatHTWisaentefunfUicher  Vereinfur  Sachaen  und  Thuringen. 

Zeitachrlft  fiir  die  gesammten  NatarwisseDBchaften.    Bd.  LVIII.  2-6, 
LIX.  1,2,  1886-86.    8°. 
HAMBtTKG.— Dnftec^  <S0»twir^ 

Archlv.    Jahrg.  VI,  Vn,  1883-84.    4«>. 

Monatliche  Uebenicht  der  Witterung.     1884  Nov.,  Des.;  1885.    8^. 
WiMKHmfurfdichf  Arutaiten, 

Jahrbnch.    Jahrg.  II,  III,  1886-86.    8°. 
Bk»noYER.—I9atwrMalori»ehs  GeMdlaehqft 

Jahresbericht.    XXXHI,  1888-84.    8o. 
HAaunc,~Jf«M(^«  Teytsr. 

Archives.    S^rie  II.    Vol.  H.  2-4, 1886-86.    8°. 

Catalogue  de  la  biblioth^qne.  Livr.  1-4, 1886-86.    8°. 
SoeieW  HoOandaite  des  Seiencet. 

Archiyes  n^rlandaises  des  science  ezactes  et  naturelles.    Tome  XX, 
XXI.  1, 1886-86.    8o. 
HiLSDieFORS. — Soeietaa  SeienUarwn  Fenniea, 

Acta.    Tom.  XIV,  1885.    4®. 

OfTersigt  af  forhandlingar.    XXVI,  1888-84.    8^. 

Bidrag  till  ktonedom  af  Finlande  natnr  och  folk.    H^t.  XXIXX-XLII, 
1884-85.    8o. 
Soeietaa  pro  Fauna  et  Flora  Fennica. 

Acta.    Vol  n,  1881-85.    8^. 

Meddelanden.    H&ft.  XII,  Xni,  1885-86.    8o. 

Beobachtnngen  iiber  die  periodlechen  Erscheioungen  des  Pflanzenlebens 
in  Finland.    188S.    4^. 
HoBABT.— i2oya/  Society  of  Tatnumia, 

Catalogne  of  the  library.    1885.    8<3. 
HoROKOHO.— Obaervatory. 

Observations  and  researches.    1885.    t°. 
ink.—Mgdieini»ch-naturwiMeMeha/Uiehe  Oeeellechqft. 

Jenaisehe  Zeitschrift  fur  Natarwissenschaft.    Bd.  XVIII.  4,  XIX.  1-4, 
Supplement  1,  2, 1885-86.    8°. 
KiML.—MtuniHe»e9uehafUieher  Vereinfiir  Sehletwig-Hol^tein. 

Schrlften.    Bd.  VI.  2, 1886.    8^. 
ChritUan  AJbrecht^  UnivereUtU. 

DlsserUtionen,  etc.,  1884-85,  (38);  1885-86,  (80). 
KiABiNBATH.— f  on.  JJaneke  VideMkabemee  SeUkab. 

Oversigt  over  forhandllnger.    1884  ili,  1885, 1886  1.    S°. 
KOhiosbxro.— iCdfi^.  phyeUcaHeeh-okonomiKhe  Oeadhehqfl, 

Schrlften.    Jahrg.  XXV,  XXVI,  1884-85.    4«>. 
Kjuk6w.— JT.  *.  SlemvoarU, 

Materyaly  do  kllmatografii  Gallcyi.    Rok  1884-85.    8<'. 
I-AUSAKHB.— AxTfeT^  Vaudnim  des  Seienoee  Naturdlee. 

BaUetin.    2*  s^r.    No.  92,  98, 1885-86.    8o. 
LiiDfl  .—  rortaAir»  Oeoiogical  and  Polyteehnie  Society. 

Proceedings.    New  series.    Vol.  IX.  1, 1885.    8^. 
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LBuynv.—Nederlandsehe  IHerkundige  Veremiging. 

TUdschrlft.    8er.  IL  Deel  1.  1,  2,  1885.    8°. 
Lbipzig. — AKtrofiomittche  Gtidhfehaft. 

Viertcljahrsschrlft.    Jahrg.  XX,  XXI.  1,  2,  4, 1885-86.    8°. 

Publication.    XVUI,  1886.    4°. 
Kan,  itachtMche  OMclUchqfl  der  WiJtsengchqften. 

Berichte.    Math.-physische  Classe.    Bd.  XXXVI.  XXXVIl,  1884-85.    8°. 
Naturfonchende  OeseUschqfl. 

Sitzungsberichte.    Jahrg.  Xf,  XII,  1884-86.    8°. 

Zoologlscher  Anzeiger.    No.  198-240,  1885-86.    8°. 

Lr6GB. — Soci^y  O^ologique  de  Belgique. 

Annales.    Tome  X,  XII,  1882-83,  1884-85.    8°. 

Catalogue  des  ouvrages  de  geologic,  de  miuf^ralogie  et  de  pal<5oDtologie 
aiDBi  que  des  cartes  g^ologiques  qui  se  trouvent  dans  les  principales 
blbliotht^ques  de  Belgique.     Par  G.  Dewalque.    1884.    8°. 
Societe  Soyale  den  Sciences. 

M^moires.    2«  ser.    Tome  XI,  XII,  1885.    8°. 
LiSBOA. — Hockdadede  Qeographiou 

Boletin.    Serie  IV.  12,  V.  1,  2,  4^12,  VI.  1-6,  1884-86.    S^, 

Subsidios  para  a  bistoria  do  jornalismo  nas  provincias  ultramarinas  Portu- 
guezas.    Por  Brito  Aranha.     18a').    8°. 
LiVBRPOOL. — Literary  and  Philosophical  Society. 

Proceedings.    No.  XXXVIII,  1883-84.    8°. 
IjOinyov.—Oeoloffical  Society, 

Quarterly  journal    Vol.  XLI.  3,  4,  XLII,  188&-«6.    8°. 

List.     1886.    8o. 
Linvean  Society. 

Journal.     Zoology,  no.  ia3-113;  Botany,  no.  134-144,  150.    1884-86.     8°. 

List.     1884-85, 1885-^.    8°. 

Index    perfectus    ad  Caroli    Linnsci    species    plantanum  nempe  earum 
priroam  editioncm,  collatore  F.  de  Mueller.    Melbourne,  1880.    8^. 
MathemcUical  Society. 

Proceedings.    No.  240-272,  1884-86.    8°. 
Boyal  Meteorological  Society. 

Quarterly  journal.    New  series.    No.  55-60, 188.5-80.    8°. 

List  of  fellows.    18a5.    8°. 
Boyal  Historical  Society. 

Transactions.     New  series.     Vol.  III.  1,  2, 1885-86.    8°. 
Boyal  Microscopical  Society. 

Journal.    Ser.  II.     Vol.  V.  3-6,  VI,  1885-86.    8©. 
Boyal  Society. 

Philosophical  transactions.     Vol.  CLXXV,  CLXXVI,  1884-85.    4°. 

Proceedings.     No.  232-247,  1885-86.    8°. 

List  of  council  and  members.     1884,  1885.    4°. 
LunD, —  Uhiversitet. 

'      Acta.    Tom.  XIX,  XXI,  1882-a3.    4°. 

Unlversitets-biblloteks  acct  ssions-katalog.     1883,  1885.    8<^. 
JjYOV.—Acade'mie  des  Sciences^  Belles- Lettres  et  Arts. 

M^moires.    Classe  des  sciences.     Tome  XXVIII,  188.5,    S°. 

Rechercbes  bistoriques  sur  les  mots  plantes  males  et  plantes  femelles. 
Par  le  Dr.  Saint-Lager.    Paris,  1884.    8°. 
Musee  Guitnet. 

Annales.    Tome  VIII,  IX,  1885-86.    4«>. 

Revue  de  I'histoire  des  religions.    Tome  XI.  2,  3,  XII,  XIII,  XIV.  1, 
l885-«6.     8°. 
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MknKk^.—GmemmetU  Obaervatory, 

Mfifmetical  obseryations,  1851-55.    Madras,  1884.    4^. 

Telegraphic  determinAtion  of  difference  of  longitude.    1884.    4°. 

AdminUtrative  report  of  the  meteoroloprical  reporter  for  1884-85.    8°. 

Meteorological  observations  at  SlDKapore,  1841-45.    Madnut,  1851.    4°. 
Madrid.— CbntMon  del  Mapa  Otclogico  de  3tpana. 

Boletin.    Tomo  XU.  1,  XIII  1, 1885-86.    8o. 

Memorias.  Descripcion  fisica  y  geologica  de  la  proTincia  de  Guipuzcoa. 
For  D.  Ramon  Adan  de  Yaraa.    1884.    8<^. 
Soeiedad  Apancla  de  Hietoria  Natural. 

Anales.    Tomo  XIV.  3,  XV.  1,  2, 1885-86.    8°. 
.  Artropodos  del  vlajeal  Paciflco  Terificado  de  1862  a  1865  por  unacomision 
de  nataralistas  enviada  por  el  gobiemo  EspaAol.     Insectos  neuropteros 
y  ortopteros,  por  Ignacio  Bolivar.    1884.    4°. 
Maodbbubo. — NaiurwitmnKhe^ieher  Verei^ 

Jahresberlcbt  und  Abhandlancen.    1885.    S°.  ^ 

UAXBfTSiQ.^Geieilechitft  zur  Brforderung  der  getamnUen  N€Uurwmen»rhafleti^ 

dltzangsbeilchte.    Jahrg.  1884, 1885.    %<'. 
HfCtz.—Aead^mU. 

M^moires.    3*  ser.    Annee  XII,  1882-83.    8^. 
Biixico.— JfuMo  Naekmal, 

Anales.    Tomo  lU.  7-10,  1885-86.    4°. 
Oinitterio  de  Fomento. 

Boletin.    Seccion  meteorologlca.    Tomo  X  43-146,  1885-80.    f©. 

Estadioe  de  meteorologia  comparada.    Por  Mariano  Barcena  y  Miguel 
Perez.    Tomo  1, 1886.    S©. 
Soeiedad  Mexieai*a  de  Historia  Natural, 

La  naturaleza.    Tomo  VII.  5-18,  1885-86.    4°. 
Middblbubg.— ZsemcMcA  OenooUchap  der  Wetenachappen. 

Archlef.    Deel  VI.  1,  2,  1885-86.    4°. 

Naamlijst  van  dlrecteuren  en  laden.    Verslag  van  het  verbandelde  in  de 
algemeene  vergaderlng,  1880-84.    S°, 
M  iLAico  —Meal  IttUuto  Lombardo  di  Scienae  e  Lettere, 

Reudiconto.    Serie  IL    Vol.  XVII,  1884.    8°. 
Modes k.—Re0ia  Aceademia  dtUe  ScienUy  Latere  ed  Arti. 

Memorie.    Tomo  XX.    Serie  II.    Tomo  II.  1885.    4<'. 
Societd  dei  NaturalUH. 

Memorie.    Ser.  III.    Vol.  II-IV,  1883-85.    8«>. 

Rendicontt    Ser.  III.    Vol.  I  pp.  105-140,  n  pp.  1-178,  1883-86.    8°. 
MoRTPBLLiBR.— ^e(Ki^mi0  de»  Sciences  et  Lettree. 

M^moires.    Section  des  lettres.    Tome  VII.  2,  3, 1884-86.    4o. 

SecUon  des  sdences.    Tome  X.  3,  1883-84.    4©. 


-Section  de  m^decine     Tome  VI.  1,  1885-86.    A°, 


HoRTRBaL.— J9Hfi«A  AeaoekUion  for  the  Advancement  of  Science, 

Canadian  economics.    1885.    8o. 
Natural  Hidory  Society. 

The  Canadian  record  of  science.    Vol.  I.  3,  4,  II.  1-4,  1885-86.    8°. 
UoKOV.—Soci/te  LnperiaU  dee  Naturali9te$, 

Nouveaux  m^moires.    Tome  XV.  1-3,  1884-85.    4°. 

BnUeUn.    1884  U-lv,  1885.    8o. 

Meteorologische  Beobachtnngen  am  Observatorium  der  landwirth.  Akad- 
emie  su  Mo&kau.    Jahrg.  1886  i.    4'>. 
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MOnohen. — Kim.  bayerUche  Akademie  der  Wi8»en8ehqfUn. 

SItKUDKsberichte.    Philosoph.-pbilolog.  and  hlstor.  Classe.    1885.    8°. 

Mathemal.-physlkal.  Classe.    1885.    8©. 

J.  A.  Schmeller.    EiDe  Dcnkrede  too  Konrad  Hofmanu.    1885.    4^. 

Sa^e  und  ForachuDg.    Feetrede  von  F.  Ohlensehlager.    1885.    4^. 

Zum  Begriff  und  We»en  der  romisehen  Frovinz.    Festrede  von  Alois  von 
Brinz.    1885.    4°. 
Koniglxche  SUmwarte. 
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I. — On   thb   Law  of   £rbob  in   Target-Shooting.     By  E.   L. 
Db  Forest,  Watertown,  Conn. 

The  complete  expression  for  the  symmetrical  law  of  error  in  the 
position  of  points  in  a  plane  is 


(1) 


where  z  denotes  the  probability  that  an  error  committed  will  fall 
within  any  small  rectangle  dxdy  whose  codrdinates,  at  its  middle 
point,  are  x  and  y.  The  axes  should  be  taken  to  coincide  with  the 
free  axes  of  the  groap  of  shot-marks,  when  these  last  are  regarded 
as  the  masses  of  material  points  all  eqaal  to  each  other.  The  origin 
is  at  their  centre  of  gravity,  and  is  the'  point  for  which  the  proba- 
bility 2  is  a  maximum.  (Compare  my  article  in  The  Analyst^  Des 
Moines,  Iowa,  vol.  viii,  p.  73.)  Though  dx  and  dy  are  in  strictness 
infinitesimals,  the  formula  is  evidently  approximately  true  when 
they  are  regarded  as  any  small  finite  distances.  Pointd  for  which  z 
is  a  given  quantity  will  lie  in  an  ellipse,  and  all  such  ellipses  are 
similar  and  concentric  as  long  as  the  constants  A,  and  A,  remain  the 
sama    These  are  determined  by  the  relations 

where  p,  and  p,  are  the  quadratic  mean  errors  in  the  x  and  y  direc- 
tions. If  the  probability  of  deviation  from  the  maximum  is  the 
same  in  all  directions,  then 

p«=p/  +  p;=2p/=2p/  (3) 

is  the  squared  q.  m.  error  measured  directly  from  the  origin,  and 

A=A.=A.=i  (4) 

is  the  constant  to  be  introduced  in  (1).    Denoting  a;"+y'  by  r*,  (1) 

is  reduced  to 

h*dxdy  -^v  ,-x 

2=—^-^         ,  (6) 

where  the  ellipses  of  equal  probability  have  become  circles,  and  the 

axes  may  be  taken  in  any  convenient  direction.     As  this  formula  is 
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the  simplest,  it  is  often  adopted  in  discussing  the  errors  of  target- 
shooting.  Even  when  the  form  (I)  is  retained,  it  is  robbed  of  a 
portion  of  its  generality  by  assuming  that  the  axes  of  X  and  Y  are 
respectively  horizontal  and  vertical,  instead  of  being  coincident  with 
the  free  axes.  Although  this  assumption  seems  to  have  been  uni- 
versally made,  it  has  appeared  to  me  to  be  of  doubtful  propriety. 
The  only  reasons  I  have  seen  stated  for  its  adoption  are,  that  errors 
caused  by  the  wind  are  horizontal,  while  those  which  depend  on  the 
range  and  the  force  of  gravity  are  vertical.  This  takes  no  account 
of  errors  produced  by  other  causes,  such  as  defects  or  peculiarities  in 
the  weapon,  imperfect  sighting,  and  fatigue  or  nervousness  in  the 
marksman.  These  may  act  obliquely,  and  so  far  as  we  know,  are  as 
likely  to  occur  in  one  direction  as  another. 

As  a  result  of  accident,  it  will  happen  in  general,  that  the  centre 
of  gravity  of  the  shot-marks  does  not  exactly  coincide  with  the  true 
point  aimed  at,  namely,  the  centre  of  the  target.  Accidental  devia- 
tions from  the  centre  of  gravity,  or  from  the  free  axes  drawn  through 
it,  are  thus  of  the  nature  of  residual  errors,  while  such  deviations 
from  the  centre  of  the  target,  or  from  axes  drawn  through  it  parallel 
to  the  former  ones,  are  of  the  nature  of  true  errors.  In  any  given 
case,  we  can  compute  the  amount  of  probable  deviation  of  the  centre 
of  gravity  from  the  centre  of  the  target.  If  the  actual  deviation 
falls  within  this  amount,  or  does  not  much  exceed  it,  we  may  pre- 
sume that  it  is  purely  accidental,  and  shifting  the  position  of  the 
computed  probability  surface  (1)  so  as  to  make  its  origin  coincide 
with  the  centre  of  the  target  while  its  coordinate  axes  remain  par- 
allel to  their  former  positions,  we  shall  have  the  law  of  probability 
of  error  for  future  shots.  But  if  the  actual  deviation  is  far  beyond 
the  probable  amount,  it  indicates  the  probable  existence  of  some 
constant  causes  of  error,  likely  to  affect  future  shots  in  the  same 
way,  and  the  probability  surface  must  not  be  shifted,  unless  we  also 
correct  the  aim  of  future  shots  to  correspond  with  it. 

It  will  in  general  happen  also,  as  the  result  of  accident,  that  an 
actual  group  of  shot-marks  will  be  more  elongated  in  one  direction 
than  in  the  direction  at  right  angles  to  it,  so  that  one  of  the  squared 
q.  m.  errors  p,'  p,*  will  be  greater  than  the  other,  even  when  the 
probability  of  error  is  really  the  same  in  all  directions.  The  con- 
stants h^  and  A,  computed  by  (2)  will  thus  appear  to  be  different, 
and  the  law  of  error  will  seem  to  be  as  in  (1),  when  it  is  really  of 
the  simpler  form  (5).  But  here  too,  in  any  given  case,  we  can  com- 
pute the  amount  of  probable  difference  between  p*  and  p/,  suppos- 
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iog  it  to  be  accidental.  Then  if  the  actual  difference  falls  within 
this  amount,  or  does  not  much  exceed  it,  we  may  presume  that  the 
probability  of  error  is  really  the  same  in  all  directions,  and  that 
formula  (5)  may  be  properly  used,  the  axes  being  taken  horizontal 
and  vertical,  simply  because  those  directions  are  most  convenient. 
On  the  other  hand,  if  the  actual  difference  between  p^^  and  p,"  is 
much  in  excess  of  its  probable  value,  we  must  presume  that  the  ob- 
served elongation  of  the  group  of  shot-marks  is  due  to  constant 
causes,  likely  to  have  a  similar  effect  on  future  shots,  so  that  (1)  is 
the  most  suitable  formula  to  express  the  law  of  error,  and  the  axes 
assumed  should  be  the  free  axes  of  the  group.  It  has  seemed  to  me 
that  the  question  whether  formula  (1)  should  be  used,  and  if  so, 
whether  the  coordinate  axes  should  be  made  coincident  with  the  free 
axes,  is  not  a  mere  matter  of  opinion,  but  should  be  decided  by  some 
definite  test  like  the  above,  applied  to  an  extended  set  of  observa- 
tions. The  most  suitable  observations  for  this  purpose  within  my 
reach  are  those  given  by  Didion  at  the  close  of  his  Calcul  des  Proba- 
hiUth  applique  au  7\r  des  Prcjectiles.     Paris,  1868. 

His  first  table  gives  the  positions  of  125  shot-marks  made  by 
spherical  bullets,  fired  from  a  rifled  pistol  at  50  metres,  under  a 
charge  of  one  gramme  of  powder.  The  weapon  was  placed  on  a 
rest,  and  aimed  at  a  point  0*430  metres  above  the  centre  of  the  target. 
The  positions  of  the  shot-marks  were  referred  to  axes  taken  hori- 
lontally  and  vertically  through  that  centre.  The  arith.  mean  of 
their  ordinates  is  the  ordinate  of  their  centre  of  gravity,  and  the 
arith.  mean  of  their  abscissas  is  its  abscissa.  We  easily  find  the 
abscissa  u  and  ordinate  v  of  each  shot-mark,  referred  to  axes  taken 
horiiootally  and  vertically  through  the  centre  of  gravity,  and  ex- 
pressed in  centimeters.  The  sums  of  their  squares  and  of  their 
products  are 

[w']  =  44211,  [v"]  =  55766,  [uv]  =  -  6666. 

The  angle  <p  which  a  free  axis  makes  with  the  U  axis  is  given  by 

Hence  log.  tan  2<??=-06140,  and 

(^=24°  31'  or  <p=114<>31'.  (7) 

These  two  values,  differing  by  90°,  represent  the  inclinations  of  the 
two  free  axes  of  X  and  Y  to  the  U  axis.  Denoting  them  by  (p'  and 
^'+^0^  the  coordinates  of  a  shot-mark  referred  to  the  free  axes 
^illbe 

as  =  tt  cos  (p'-^-  V  sin  (p\  y  =  t>  cos  ^'  -  w  sin  <p\  (8) 
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and  the  sams  of  their  squares  are 

[«•]  =  [w*]  cos*  <^'+  [v*]  sin*  qjf  +  [uv\  sin  2(p\  )  .  . 

[y*]  =  [v*]  COS*  (^'+  [ti*]  sin*  ^'-  [wv]  sin  2(p\  S  ^^ 

from  which  we  readily  fiild 

[a?*]  =  41172  ly]  =  68806. 

The  squared  q.  m.  errors  are  therefore 

p,*  =  Jf \  =  332-03,  p:  =  i^  =  474-24,  (1 0) 

where  n  is  the  number  of  shots.       ^ 

Since  the  co5rdinates  of  the  centre  of  gravity  are  the  arith.  means 
of  those  of  the  shot-marks,  the  semi-axes  of  the  ellipse  of  probable 
error  in  the  position  of  the  centre  of  gravity  are 

az=  1-1774-^=  1-92,  6=  1-1774-^  =  2-29.       (11) 

{Analyst^  viii,  p.  77).  In  the  case  we  are  considering,  the  horizontal 
and  vertical  coordinates  of  the  centre  of  the  target  referred  to  the 
centre  of  gravity  are 

u  =  '02,  V  =  8-26, 

and  when  referred  to  the  X  and  Y  axes  they  are  by  (8) 

aj=3-44,  y=7'60.  (12) 

These  valaes  compared  with  a  and  6  in  (11)  show  that  the  actual  dis- 
tance of  the  centre  of  gravity  from  the  centre  of  the  target  is  much 
greater  than  it  probably  would  be  if  it  were  purely  accidental. 
Hence,  to  represent  the  probabilities  of  error  in  future  shots,  the  sur- 
face (1)  should  in  this  instance  remain  with  its  vertex  at  the  centre 
of  gravity,  and  not  be  shifted  to  the  centre  of  the  target,  unless  the 
aim  is  corrected  at  the  same  time. 

Having  thus  determined  the  most  probable  position  of  the  origin, 
we  wish  next  to  know  whether  the  actual  difference  between  p^  and 
p*  is  much  in  excess  of  what  might  be  expected  if  it  were  acci- 
dental. Its  probable  amount  may  be  found  approximately  as  fol- 
lows. When  the  q.  m.  error  b  is  computed  from  n  observations,  the 
probable  error  of  this  determination  is  known  to  be 

•6745--^,  (18) 

V2n 

and  consequently  the  probable  error  of  b*  will  be 

•6745f*y/?.  (14) 
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Therefore,  when  p,*  and  p/  are  computed  as  in  (10),  if  the  proba- 
bility of  error  in  the  x  and  y  directions  is  really  the  same,  the  proba- 
ble difference  between  p,"  and  p/,  occurring  from  accidental  causes, 
will  be 

^•=•6745-^,  (16) 

or,  if  we  take  approximately  «*=4(p/+p/), 

\n 
To  apply  this  to  the  case  in  hand,  we  substitute  for  p^  and  p/  their 
namerical  values  as  in  (10),  and  so  get  for  the  probable  difierence 

^^•  =  48-64.  (17) 

The  actual  value 

474*24  —  33203  =  142-21, 

is  so  much  larger  that  we  are  obliged  to  conclude  that  in  this  case  it 
is  probably  not  an  accidental  but  a  real  difference,  likely  to  affect  the 
distribDtion  of  future  shots  in  the  same  way.  Hence  (1)  is  the 
proper  formula  to  use,  and  the  co5rdinate  axes  ought  to  be  taken  not 
horizontally  and  vertically,  but  coincident  with  the  free  axes  of  the 
group  of  shot-marks. 

Didion  also  gives  a  table  of  the  positions  of  the  shot-marks  made 
by  firing  a  pistol,  apparently  similar  and  with  equal  charge,  260 
times  at  100  metres  distance,  aiming  at  a  point  1  '47  m.  above  the 
centre  of  the  target.     By  the  same  procedure  as  before,  we  find 
[li*]  =  1392560,         [v»]  =  1742890,         [uv]  =  —  301930, 

where  u  and  v  are  expressed  in  centimetres.  The  inclinations  of  the 
free  axes  to  the  U  axis  then  are  by  (6) 

^'=  29°  66',  (p'+  90"^  =  119°  66',  (18) 

and  with  codrdinates  referring  to  these  axes  we  have  by  (9) 

[a;*]  =  1218600,.  [y*]  =  1916800, 

80  that  the  squared  q.  m.  errors  are  by  (10) 

p/=  4894-0,  p,'=  7698-0.  (19) 

The  semi-axes  of  the  ellipse  of  probable  error  in  the  position  of  the 
centre  of  gravity  are  by  (11) 

a  =6-21,  6  =  6-63.  (20) 

But  the  horizontal  and  vertical  codrdinates  of  the  centre  of  the  tar- 
get are 

w=l-72,  t?=  15-82, 
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which  referred  to  the  free  axes  become 

a;  =9-88,  y=  12-86.  (21) 

GompariDg  these  with  (20),  we  see  that  the  actual  distance  of  the 
centre  of  gravity  from  the  centre  of  the  target  is  too  great  to  be 
considered  accidental,  and  we  infer  as  in  the  former  case,  that  to  rep- 
resent the  probabilities  of  fdtnre  shots,  the  vertex  of  the  probability 
surface  should  remain  at  the  centre  of  gravity,  and  not  be  changed 
to  the  centre  of  the  target,  unless  the  aim  is  also  changed. 

The  probable  difference  in  this  case  between  p^  and  p,'  is  by  (16) 

^^=  637-2.  (22) 

The  actual  difference  however  is 

7698-0  —  4894-0  =  2804-0, 
a  value  so  much  greater  that  we  are  obliged  to  conclude  that  it  is 
probably  not  accidental. 

This  is  what  might  be  expected  from  the  results  already  obtained 
with  the  same  kind  of  weapon  at  shorter  range.  If  there  is  really  a 
greater  liability  to  error  in  one  direction  than  in  another,  it  will  nat- 
urally show  itself  at  all  ranges,  with  only  such  differences  as  might 
occur  by  accident.  The  angles  which  the  direction  of  greatest  error 
makes  with  the  X  axis  at  the  two  ranges  here  considered 
9'H-90''=  114°  31'  and  ^'+  90*=  119*66', 
are  not  very  different  from  each  other. 

Didion  finally  gives  the  coordinates  of  the  trajectories  of  100  can- 
non balls  fired,  under  constant  charges  and  angles  of  elevation,  at 
distances  of  200,  400  and  600  metres.  The  heights  are  reckoned, 
not  from  the  centre  of  a  target,  but  from  the  plane  of  the  platform 
on  which  the  gun-carriage  stands.  By  an  easy  reduction,  we  get  the 
coordinates  u  and  v  referred  to  axes  taken  horizontally  and  vertically 
through  the  centre  of  gravity,  and  expressed  in  metres.  For  200 
metres  range,  we  find 

[m*]  =  1 1-82,  [v"]  =  16-39,  [tiv]  =  —  0-18, 

and  (6)  gives 

(p'=  2°  15',  9'+  90*=  92°  16'.  (23) 

Then  by  (9), 

[«•]  =  11-81,  [y»]=  16-40, 

and  by  (10), 

/o/=-1193,  p/=-1657. 

The  probable  difference  between  p,"  and  p,"  is  by  (16) 

^^'=•0192.  (24) 
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The  actaal  difterence  is  greater,  being 

•1657  — -11 98  =  •0464. 

We  omit  the  discussion  for  the  400  and  600  metre  ranges,  since  the 
shots  here  are  apparently  the  same  as  those  used  at  200  metres,  and 
the  differences  in  relative  position  for  the  same  shot  at  different 
ranges  seem  to  be  largely  due  to  accidental  vanations  in  the  projec- 
jectile  or  the  powder.  From  the  three  series  of  trials  retained, 
namely,  two  of  pistol  shots  and  one  of  cannon  shots,  it  appears  that 
the  test  requires  us  to  use  formula  (1),  and  to  make  the  coordinate 
axes  coincide  with  the  free  axes.  This  therefore,  it  seems  to  me, 
had  better  be  generally  done  when  accuracy  is  desired,  unless  indeed 
oar  results  should  hereafter  be  invalidate.d  by  those  of  other  and 
more  extended  experiments. 

We  might  also  inquire  what  are  the  probable  values,  arising  from 
accidental  causes,  of  the  cubes  of  the  c.  m.  inequalities  in  x  and  y, 
when  the  law  of  error  in  either  direction  is  suspected  to  be  unsym- 
metrical.  This  question  finds  an  answer  in  my  article  on  the  Unsym- 
metrical  Probability  Curve,  Analyst^  vol.  x,  p.  74,  See  also  Trans, 
of  the  Conn,  Accukmy^  vol.  vi,  part  1.  For  determining  a,  and  a, 
the  easiest  way  will  perhaps  be  to  compute  the  values  of  [w*],  [t>"], 
[«*«]  and  [wv*].     Then  from  (8)  we  have 

[a^]=[w']cosV  +  [t)*]sin  V 

+  3sin9'cos9'([u"v]cos^'  H-  [ww*]sin<p') 
[y']=[«*]cosV'-[M']sinV 

— 3sin9'cos9'([M«']co89'— [w*t?]sin^') 

and  a,  and  a,  are  obtained  like  a  in  Analyst^  ix,  p.  161.     For  ex- 
ample, from  the  first  table  here  tried  we  get 

[m*]  =  322100,  [U'v]  =  —  9600, 

[v*\  =  264700,  [t/w*]  =  37400, 
and  consequently  by  (7)  and  (29) 

[«•]  =  269207,  [y']  =  133301,* 
and  the  cubed  inequalities  are 

;.•=  ^  =  2163-8,  i:.'=^.t^  =  1066-6.  (26) 

From  accidental  oanses  alone,  they  wonld  probably  be  something  like 

(C.*)  =  d=  •6745p,'|/i!  =  ±  1413-7,  ] 

/—  f  (27) 

(O  =  ±  •6746p,Y  i£  =  ±  24131.  I 


(26) 
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The  actaal  value  of  C,'  falls  far  within  the  probable  amount,  and  that 
of  C/  does  not  so  mnch  exceed  the  probable  one  as  to  make  us  confi- 
dent that  it  is  anything  more  than  accidental.  But  if  both  the  ine- 
qualities were  taken  into  account,  we  should  have 

a,  =  2p;-^  C/= -30832  *,=Pi"=  332-03  )        .^g. 

a,  =  2p,»-^C,•=•88934  6,=/o,'=474-24  J       ^     ^ 

and  the  equation  of  the  surface  will  be  of  the  same  form  as  in 
formula  (34)  of  my  article  in  the  Transactions.  The  sub-index  of 
the  first  6,  should  fall  inside  the  bracket,  instead  of  outside  as  there 
printed. 


II.— Extensions  of  ckbtain  Theorems  op  Clifford  and  of 
Catley  in  the  Gkombtby  of  n  Dimensions.  By  Eliakim 
Hastings  Moore,  jr.,  Denver,  Colorado. 

I.     Oekeral  Theorems. 

Cufford,  at  the  beginning  of  his  "  Classification  of  Loci "  (Mathe- 
matical PaperSy  p.  305-331),  proves  the  following  theorems  : 

A.  Every  proper  curve  of  the  n^  order  is  in  a  flat  space  of  n 
dimensions  or  less. 

B.  A  curve  of  order  n  in  flat  space  of  k  dimensions  (and  no  less) 
may  be  represented,  point  for  point,  on  a  curve  of  order  n— A?+2  in 
a  plane,  whence 

C.  A  curve  of  order  n  in  flat  space  of  n  dimensions  (and  no  less)  is 
always  unicursal. 

These  theorems  may  be  extended.  Clifford's  nomenclature*  and 
methods  of  proof  are  adhered  to  throughout. 


*  For  the  convenienoe  of  the  reader  who  may  not  have  at  hand  a  copy  of  Clifford's 
MaViemfUieal  Fapers,  the  definitions  (p.  305-6)  are  given  here. 

"By  a  curve  we  mean  a  continuous  one-dimensional  aggregate  of  any  sort  of  ele- 
ments, and  therefore  not  merely  a  curve  in  the  ordinary  geometrical  sense,  but  also  a 
singly  infinite  system  of  curves,  surfaces,  complexes,  Ac.,  such  that  one  condition  Is 
raifieient  to  determine  a  finite  number  of  them.  The  elements  may  be  regarded  as 
determined  by  k  coordinates ;  and  then,  if  these  be  oonnected  hyk—l  equations  of  any 
order,  the  curve  is  either  the  whole  aggregate  of  oommon  solutions  of  these  equations, 
or,  when  this  breaks  up  into  algebraically  distinct  parts,  the  curve  is  one  of  these 
putt.  It  is  thus  convenient  to  employ  still  Airther  the  language  of  geometry,  and  to 
speak  of  such  a  curve  as  the  complete  or  partial  intersection  of  k—  1  loci  in  fiat  space 
of  k  dimensions,  or,  as  we  shall  sometimes  say,  in  a  A^flat  If  a  certain  number,  say 
K  of  &e  equations  are  linear,  it  is  evidently  possible  by  a  linear  transformation  to 
make  these  equations  equate  h  of  the  coordinlttee  to  zero ;  it  is  then  convenient  to 
leave  these  coordinates  out  of  consideration  altogether,  and  only  to  regard  the  remain- 
ing k—h^l  equations  between  k—h  coordinates.  In  this  case  the  curve  will,  therefore, 
be  regarded  as  a  curve  in  a  flat  space  of  k—h  diroensiona  And,  in  general,  when  we 
speak  of  a  curve  as  in  flat  space  of  k  dimensions,  we  mean  that  it  cannot  exist  in  flat 
space  of  &— 1  dimensions. 

«  ^  ,  By  a  swface  we  shall  mean,  in  general,  a  continuous  two-dimensional 
aggregate  (which  may  also  be  called  a  tyfospread  or  ttoo-way  locus)  of  any  elements 
whatever,  curves,  surfaces,  complexes,  iko.,  defined  by  the  whole  or  a  portion  of  the 
^Titem  of  sdutions  of  it;— 2  equations  among  k  coordinates.  We  shall  assume  that 
tvme  of  these  equations  are  linear,  and  then  shall  speak  of  the  surface  as  in  a  flat 
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TiiBORBM  A.  M)ery  proper  r-spread  of  the  n**  order  is  in  a  flat 
space  q/*  n  +  r—  1  dimensions  or  less. 

For  through  n  H- 1  points  of  the  r-spread  we  can  draw  an  n-flat, 
R„ ;  this  meets  the  r-spread  S,  in  a  number  of  points  greater  than 
its  order,  and,  therefore,  contains  a  curve,  or  l-spread  S,  of  the 
r-spread  S,. 

An  (nH- l)flat  R„+,  drawn  through  this  n-flat  R,  and  an  external 
point  of  the  r-spread  S,,  for  a  similar  reason,  contains  a  2-spread  S, 
of  the  r-spread  S,. 

Thus,  finally,  there  is  reached  an  (w-f-r— l)flat  R,^^_, ,  which 
completely  contains  the  r-spread  S^. 

An  r-spread  of  order  n,  say  S,,  ,,  * ,  may  lie  in  a  flat  space  of  k 
dimensions,  where  k'^  n+r— 1 ;  when  A;=n-fr— 1,  the  S^^,^^^v_,  may 
be  called  2i.fuU  sketo  r-spread  of  order  n. 

Theorem  B.  An  r-spread  of  order  n  in  a  flat  space  of  k  dimen- 
sions {and  no  less)j  say  S,,^,^ ,  may  be  represented,  point  for  point,  on 
an  r-spread  of  order  n — k+r-J-l  in  an  {r-{-'[)flaty  S,, „_k4^,^ ^+1 . 

Join  P,  an  arbitrary  fixed  point,  to  Q,  a  variable  point,  both  being  on 
the  r-spread;  the  resulting  (r-i-l)spread  S^i  is  of  the  order  n— 1 ; 
for  a  (A;— r)flat  R^.,  through  P  meets  the  r-spread  S,  elsewhere  in 
n— 1  points  Q,  and,  therefore,  meets  the  8,+,  in  the  n— 1  lines  PQ, 
i.  e.,  in  a  curve  of  ordern—  1.  Each  line  PQ  meets  a  fixed  (A;— l)flat 
Rt_i  in  a  point  Q'  corresponding  to  Q;  the  (r-l-l)spread  S^,  meets 
the  fixed  flat  R*.,  in  an  r  spread  of  order  n  — 1.  The  r-spread  of  the 
71^  order  in  A;-flat  S,^,,^  is  thus  projected  into  one  of  order  n— 1  in 
a  (A:— l)flat,  S,,  ^-i,  *-i.  A  second  projection  from  an  arbitrary 
point  upon  a  fixed  (A;— 2)flat  R;^.^  gives  an  r-spread  of  order  n— 2 
in  a  (Ar— 2)flat,  S,,^j,a_j.     

Thus,  finally,  after  A:— r+1  successive  projections  the  original 
S^  „,4  is  represented,  point  for  point,  on  an  r-spread  of  order 
n- A-f  r-f  1  in  an  (r-f- l)flat,  S,, n-H^i,r+y .  

But  the  result  may  be  reached  at  once.  Through  any  A;-r-^-l 
fixed  points  P  of  the  r-spread  and  a  variable  point  Q  pass  a 
(^-— r-i-i)flat  R4.:;+i,  cutting  a  fixed  (r+l)flat  R^,,  in  a  point  Q' 
corresponding  to  Q.     Thus  the  S,,  ^  4  is  represented,  point  for  point, 

spaco  of  k  dimoDsioDs.  We  shall  iu  certain  cases  go  further,  and  speak  of  an  A-spread 
or  Vway  locus,  viz :  a  locus  detemuDed  by  the  whole  or  an  algebraically  separate 
portion  of  the  system  of  solutions  of  k—h  equations  among  k  coordinates ;  if  none  of 
these  equations  are  linear,  the  A-way  locus  will  be  said  to  be  in  Jfc  dimensions." 

A  proper  curve  or  spread  is  one  which  does  not  break  up  into  two  or  more  alge- 
braically distinct  parts. 
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00  an  r-spread  in  the  (r+  l)ilat,  S,,  (,_H-r+i).  r+i ,  the  order  of  which  is 
/i-Ar-|-r-f-l,  since  a  (A?— r)flat  R,t_  throagh  the  A;  — r+1  fixed  points 
P  meets  the  r-spread  S,,,,*  in  n— Ai+r+l  additional  points  Q  which 
correspond  to  the  n— A+r+l  points  Q'  in  which  the  line  of  inter- 
section of  the  R^.^  with  the  fixed  R^,  meets  the  projected  r-spread 

TaBOQEif  C.  A  quadric  r-spread  is  in  an  (r-}-l  )flat,  and  is  unicursaly 
its  points  having  (e.  g.,  by  projection  from  a  point  on  it)  a  one-one  cor- 
respondence with  those  of  an  r-flat  R,,  Hence,  a  full  skew  r-spread 
of  order  n,  S^,,.,+^_„  is  always  unicursal,  since,  by  theorem  B,  it  may 
be  represented  on  an  r-spread  of  order  n — A:-|-r+ 1=2  in  an  (r-f  l)fiat. 
Not  only  so,  but  every  flat  section  of  a  full  skew  r-spread  is  itself  a 
full  skew  spread,  and,  therefore,  unicttrsal.  For  an  »-flat  R,  cuts  a 
full  skew  S,,.^*  (H-i-HH.)  in  an 

S^_^^_*. ,, .  =  S,,,  ,,^  t,^  which  is  full  skew, 
since      A:'-f  I=r'-f-n', 

i.  e.,      *-f  l=z(r-^s^k)-{'n,  using  the  given 
relation,    A?-fl  =r+n. 

D.    Full  Skew  Two-Speeads. 

1.   77^6  abbildung-system. 

The  full  skew  two-spread  of  order  m  in  R,>+i,  S,^»  ,^, ,  is  unicur- 
sal;  the  curve  of  intersection  with  any  m-flat  R^,,  S,^a,a,  is  also 
anicnrsal  (I,  C)  ;  an  R^_, ,  the  intersection  of  two  R« ,  and  so  the  axis 
of  a  pencil  of  R^,  meets  the  two-spread  in  m  points  (m  being  the 
order  of  the  spread);  further,  in  the  R,»+i,  the  all-including  flat, 
there  are  (»"*+*  m-flats  R^.,  i.  e.,  m-\-2  asyzygetic  R^,.  Hence, 
there  is  a  representation  or  Abbildung  of  the  S,^a,,  ,^, ,  point  for 
point,  on  a  plane  yxy^yzy  5|»;  to  an  Ra,-section  corresponds  a  uni- 
ewrsal  curve,  say  of  order  n,  C";  to  the  m  points  of  intersection  of 
an  R^,  correspond  m  points  of  intersection  of  a  pencil  of  curves 
€•;  the  Abbildung  of  the  (wi-l-l)ply  infinite  system  of  R^-inter- 
sections  S,,«,»  is  the  system  of  curves  4%  (m+l)ply  infinite  or  lin- 
early derivable  from  m  +  2  asyzygetic  curves  of  the  system,  all  of 
which  are  unicursal  and  have  the  equivalent  of  n^^m  common 
points  of  intersection,  say  base^oints  o£  the  system.  A  Cremona 
tntDsformation  may  be  found  which  will  change  an  abbildung-system 
V  of  the  spread  S,,  ^, ,»+,  into  any  other  abbildung-system  4"'  of  the 
aame  spread,  since  there  is  a  one-one  correspondence  between  the 
points  of  the  two  coincident  planes  ^,  containing  the  two  abbild- 
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ang-systems.  There  is,  therefore,  no  loss  of  generality  in  assuming 
as  the  abbildung-system,  the  system  of  curves  C*  having  as  base- 
points  an  (m— l)ple  pt.  tf  and  m — 1  other  points,  g,,  .  .  .  J^m-i: 
the  conditions  given  above  are  satisfied  by  this  system ;  for  the  curves 
are  unicursal;  the  asyzygetic  number  is  2m-j-l— rn  — l=rm+2;  the 
base-points  are  equivalent  to 

(m— l)*+(m— l)=m(w— l)=m* — wi=n*— m 
common  points  of  intersection. 

This  abbildung-system  may  be  simplified.  Transform  the  plane 
J,  by  a  quadric  transformation,  having  tf,  |p,^,  and  ||,^j ,  as  fun- 
damental points. 

A  curve  4";  of  order  m,  passing  through  the  two  fundamental 
points  Ip^i,  ^^8,  and  having  an  (m  — l)ple  pt.  at  tf,  the  third  fun- 
damental point,  and  passing  through  m~3  fixed  points  ^i  .  .  .  ^m-s9 
is  transformed  into  a  curve  C  of  order  m— l=2;m— (m— 1-f-l-f-l), 
having  an  (m— 2)ple  pt.  at  tf,  (since  the  line  ^^_,  Jg«_a  meets  the  ft" 
in  m--2  additional  pts,),  passing  through  the  m--3  fixed  points 
JP'i  •  •  .  3B'«-3  corresponding  to  the  pts.  |gi .  .  .  |P«-8,  and  not  pass- 
ing through  ^«_,  [$«-,],  (since  the  line  «f^,  [•$«-!!  does  not 
meet  the  tT  except  in  tf  and  |p^_5  [ft  and  ^i»_i]). 

Thus  such  a  quadric  transfoi-mation  reduces  by  unity  the  order  of 
the  curves  of  the  abbildung-system,  and  deletes  two  of  the  base- 
points.  By  r  such  quadric  transformations,  the  abbildung-system  of 
curves  4%  with  tf,  an  (m— l)ple  point,  and  m— 1  other  points  |p,  as 
base-points,  is  changed  into  a  system  of  curves  4'*"*'  with  ©,  an 
(m—r— l)ple  point,  and  m—\—2r  other  points  ^,  as  base-points. 
The  simplest  abbildung-systems  are,  evidently, 

(a)  m  even=2m',  r=m'— I.      (t"'+*  with  tf  as  m'ple  point 

and  through  one  pt.  ^. 

(h)  m  odd=2m'-M,  r:=m'.     «•""+>  with  «  as  w'ple  point. 

2.   The  canonical  form  of  the  equations  of  the  ^2,«,,»+.i . 
Let  the  X,  («=1,  ...  771  +  3)  be  the  homogeneous  coordinates  in 
Rm+i  and  the  y,  («=  I,  2,  3)      be  the  homogeneous  coordinates  in  ^^ 
(a)  meven=2m'.      «  is  y^,  ^,,^3=0,  0, 1;  g,  is  y,,  y„y3=l,  0,  0. 
By  the  simplified  abbildi\ng-system  set 

XjiXgiXj: :  X^,_i:  X^, :  X^^j: 

X„#4.j:  Xaji^giX^,^: :  Xj^,^!:  X,„>^,: : 

y,"V.:y."'''y/:y."'-V/: ■.yCyr-'-.y.yr-yr*': 

2/a[y."':y."'-'y.:y"'~V.': :y.y."'-':yr]. 
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Setting  yt=ty^  and  ^3=11^8,  this  becomes 

Ut'.t^i : <-'-*; r'-':r':  u(\iti :  r'-':r'); 

whence  the  plexus  of  equations 

I  X,,X5,Xa, X^,_, ,  X,,,,      X,iM+i  >  X«^_8 ,  /La,»-|^ , X^j+i  ^ 

jXj,  A,, X„,,  X„,^, ,       Xi^^.3 ,  X^,^  , X|^i ,  Abj^j 

(b)  m  odd  =  2m'  +  l.  #  is  ^i,  ys,  2/3=0,  0,  1. 

Id  accordance  with  the  simplified  abbildung-system,  set 

XicX^rXs^ I  JL^t^x',  jL^,^^', 

X»  V         •  Y        •  •  Y  -IT 

M+l  m+S 

ya[y,""y.°:y."'"'.y.':y.""~V: :y.'y.""-':y.V], 

or,  setting  y,=<y,  and  y,=My,, 

^LiiAjiAj:  ....  : /v,,,/,^|:A.,^^]:  ....  :A.^]:JLs^j:: 
1  :i:tn^: :r":r"+':M  [l:t:t': ir^^'ir"]; 

whence  the  plexus  of  equations 

|lAj,  Aj,  A3, Xfl»,,^i ,        X^„^  ,  JL^,,^  j  X,„,^5  , X,„^j 

tl^s>  Aj, . . . .  jLf^n^i ,  X^,,^^ ,      X,^,,^ ,  X,»,^^5 .......  X^n+i  9  X,^j 

In  each  case  the  canonical  form  exhibits  the  S,^^^,^,  as  the  locus 
of  the  line  of  intersection  of  corresponding  m-fiats  R^,  of  m  projective 
pencils  of  R^;  Xj— <Xi=0,     X,— ^X,=0,  &c. 

In  fact,  these  right  lines  on  and  ruling  the  S,^^,,^,  correspond  to  the 
right  lines  on  the  plane |i,  through  the  multiple  point  ft;  y^— -^yi=0 
i«  met  by  a  0*'+*  or  C""+*  (which  corresponds  to  an  R«-section  of 
S|,^»^^)  in  only  one  point. 

A  full  skew  curve  O  of  order   >?v  ^#  corresponds  to  the  point  ©. 

•  is  (0,  0, 1);  or  «/=  00,  <  indeterminate ;  and,  therefore,  tt  corresponds 


=0 


(a)toX,=X,= =X^,=0 

(b)  to  X,=X,= =X^„+,=0 


■^•+8  5 X,»H-i  >  -^"H-s 

X,»»#4.8  ,  ■^mt^+B  y X„^., 

(a)  m'  .  m'- 

\-/        -  in     an 


=  0 
=  0 


or  the  (anicursal)  curve  \^|  ^t  in  an  ^/flat.  •  Cf.  Clifford,  p.  310. 

(a)  A  line  A  corresponds  to  the  point  g,.     For  g,  is  (1,  0,  0) ;  or 
u  indeterminate,  ^—0;  and,  therefore,  ^  corresponds  to 

m  m-flats  R»  in  R,^,  intersect  in  R  ,  a  right  line. 
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A  point  corresponds  to  the  line  @^,  viz :  the  intersection  of  the 
full-skew  curve  O  and  the  line  A.     y,=0  ;  or  n=  oo,  t=0 ; 

X,  =  X3= =Xa,^i=0,  X„,^  =  X„»^4=: =X„^^.j=0. 

3.   Ta7igent  and  osculating  flats. 

On  the  two-spread  let  Q  be  a  point  and  C  a  curve  passing 
through   Q;   there   are   at   Q   a   tangent    line    R,,   and   osculating 

2  flat  R,,  osculating  R,  .  .  .  R,  to  the  curve  C,  determined  by  2, 

3  .  .  .  (^-f  1)  consecutive  points  (Q  included)  of  the  curve;  the  oscu- 
lating <-flat  R,  meets  the  curve  C  in  ^+1  points  at  P.  The  tangent 
plane  R,  at  Q  to  the  two-spread  is  the  locus  of  tangent  lines  R,  to 
^11  curves  C  through  Q;  every  m-flat  R,^  through  this  tangent  plane 
Rg  meets  the  spread  in  a  curve  having  a  double-pt.  at  Q. 

Suppose  there  were  an  «-flat  R,  such  that  every  R^  through  it  met 
the  two-spread  in  a  curve  having  a  (^H-l)ple  pt.  at  Q.  Take  any 
curve  C  through  the  point  P ;  every  R^  through  the  R,  meets  the 
curve  C  in  t-\-l  points  at  Q,  and,  therefore,  contains  the  osculating 
R,  to  C  at  Q ;  hence  the  R,  contains  the  osculating  ^flats  R  to  a^ 
curves  C  through  Q,  or  say  it  meets  the  two-spread  at  t  consecutive 
points  in  every  direction  from  Q. 

In  the  case  of  this  full  skew  two-spread  it  will  be  shown  that  at 
every  pt.  Q  there  is  an  osculating  Ra,.,  containing  the  osculating 
R,  to  every  curve  through  Q;  but  probably  «=2^  for  the  general 
two-spread  in  any  number  of  dimensions,  R*;  {2t^ky  of  course). 

Considerations  from  the  abbildung-systetn. 

The  general  abbildung-system  (cf.  §1)  of  curves  C  has  as  base-pts. 
the  {m  —  l)ple  pt.  (9,  and  the  m  —  1  pts.  ^ ;  there  are  m-f  2  asyzyge- 
tic  curves  of  the  system.  Consider  those  curves  of  the  system  which 
have  a  (^-hl)ple  pt.  at  ^,  say  C"*  ((1?''^') ;  these  correspond  to  the 
R„.-sections  of  the  two-spread  which  have  a  (^-f  l)ple  pt.  at  Q.  Such 
a  curve  C"  {(Q''^^)  includes  the  line  ©<$  t  times,  and,  besides,  a  sup- 
plementary curve  C"*~'  ((SQ),  passing  through  (^  and  the  m— 1  pts.  IB 
and  having  an  (m— «— l)ple  pt.  at  (i.  For  say  the  curve  C  {^^^) 
includes  the  line  (D^  x  times,  and,  therefore,  also  a  supplementary 
curve  C"^  (OQ'^*"')  with  (^H-1— a;)ple  pt.  at  (jj  and  (m  — «— l)ple 
point  at  # ;  the  line  (Od^  meets  the  supplementary  curves  in 
(7n—x-'\)-\-{t-{'l—x)=m-^t—2x  pts.  and  will  be  again  thrown  oflf^ 
if  m—x<^m-\-i^2x,  i.  e.,  if  x<^t.  The  asyzygetic  number  for  the 
system  of  supplementary  curves  C"^  (<$)  is  (2m— 2^-f  1— m— 1  — 1=) 
^^  — 2^-flf     Hence  there  are  m  —  2ti-l  asyzygetic  m-flats  R^  meeting 
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the  two^pread  in  curves  with  Q  as  (<  +  l)ple  pt. ;  these  ^X^  in  the  all- 
iocluding  flat  R.^^.!  meet  in  an  (m  +  1)  — (m— 2^+l)=2r-flat  Rj^, 
which  is  the  escalating  2^flat  at  Q,  which  includes  the  osculating 
^flat  R,  at  Q  to  every  curve  through  Q ;  i.  e.,  which  meets  the  two- 
spread  at  t  consecutive  points  in  every  direction  from  Q;  i.  e.,  which 
coutains  the  osculating  2(^— l)flats  K^.,  at  all  points  immediately 
adjacent  to  Q. 

What  is  the  locus  of  osculating  2^flats  at  points  Q  along  a  genera- 
tor r  of  the  two-spread  ? 

If  a  curve  ft"  degenerates  into  #4f,  say  the  line  r,  taken  t-\-\ 
times  and  a  supplementary  curve  ft*~^^  (^  as  m— ^— 2ple  pt.  and 
through  the  m  — 1  pts.  ^)  the  R„  cutting  the  two-spread  in  the 
corresponding  section  will  contain  the  osculating  2^flat  at  every 
point  Q  along  the  generator  r.  The  asyzygetie  number  for  the 
system  of  supplementary  curves  ft*^"*"*  is  (2m— 2<— 1)  — (m— 1)  = 
m—2L  Hence,  there  are  m—2t  asyzygetie  m-flats  R„  meeting  the 
two-spread  in  the  generator  r  taken  (<  +  l)  times;  these  in  the  R,^, 
meet  in  an  (m-f  1)  — (m— 2^)=(2^-f  l)flat  Rg«^i,  say  the  osculating 
Rs.,  along  r*^^  the  (^H-l)ple  generator  r,  which  is  the  locus  of  the 
osculating  R«  at  the  points  Q  along  the  generator  r. 

The  eqtMitions  of  the  oscukUing  jlats ;  the  orders  of  the  spreads 
they  generate. 

(a)  m  even  =:  2m'.  C£  §2,  the  simplified  abbildung-system ;  the 
equations  in  t. 

The  equations  correspond  to  m— 2^  asyzygetie  curves  C"V+*  includ- 
mg  the  line  r  t-\-\  times;  and  to  the  one  other  asyzygetie  curve  of 
the  system  including  the  line  r  t  times  and  passing  through  the 
point  Q  =  TV. 

<=0.     R, ,  the  line  r. 

^X,  -X,     =0,      tX^,,,-X^,,,=:0, 
tX,  —X,     =0,      tX^,^.3--X^„,i4=0, 

tX^, — X^,^,=:0,        tX>,^,  — X^^j=:0. 

2m'(=  m)  R^  meeting  in  R, ,  the  line  r. 

The  additional  R,„,  t;X,— X«,^,=0,  determines  the  point  tv  on  the 
tine  T. 
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^=1.     R,,  the  osculating  R«+i«8  along  r*^'""',  the  locus  of  tan- 
gent planes  of  points  v  along  the  line  r. 

r*X,     -2rX,  +X,     =0,  r'X^,„-2rX^,,3  +  X«»+4=0, 

T*X,     ~2rX.  +X,     =0,  T'X^,^3-2rX^,,,  +  X^,,,=0, 


r«X^,_,-.2rX^,+X^,^,=0,  r'X«     -2tX«^,  +  X^,,  =0. 

2(m'— l)=m— 2  R^  meeting  in  R,. 

The  additional  R»,  t;(rX,— X,)  — (tX,,+,'— X^,^.8)=0,  determines 
the  tangent  plane  R,  at  the  point  rv. 

And  so,  in  general,  the  law  of  formation  is  clear. 
The  osculating  R,,^,   along   7*+' ,    the   locus    of   the    osculating 
R»  of  points  t;  along  the  line  r.     The  equations  may  be  written 
X»(T-X'y+»=0,  X-'+«(t~X')'^^=0, 

X«(r-X7^^=0,  X«'^»(r-X;r^=0, 

X-'^Cr-X^y+'zi^O,        X--^+X7-X»)*-'=0 ; 
where,  after  the  binomial  expansion  and  multiplication  by  the  exter- 
nal factor,  the  exponents  of  the  X  are  to  be  exchanged  for  corres- 
ponding subscripts ;  X'  is  to  be  changed  to  X,. 

2(m'— ^)=m— 2«  R^  meeting  in  R«+i. 
The  additional  R^,  (vX*— X*'^»)  (r-X*)'=0  (the  exponents  be- 
coming  subscripts,  as  above),  determines  the  osculating  2^flat  R..  at 
the  point  xv. 

The  osculating  R«_,  along  t  lies  in  the  osculating  R^^,  ^long 
t'+';  the  two  R«,  X»(r-.X*y=0,  X-'+«(r-X*y=0,  with  the  m-2« 
equas.  of  the  R^^,  written  above  are  easily  seen  to  be  equivalent  to 
the  m— 2(^—1)  equations  of  the  R,,^, , 

X»(t-X;)'=0  X-'+'Cr-X^yzrO 

X-'-'+X^'-X')-0  X"^+»(r-X')'=0. 

Thus  the  equations  show  that  the  singly  infinite  system  of  osculat- 
ing 2^fiat8  R»  at  points  v  along  the  generator  r  lie  in  the  oscu- 
lating (2^+ l)flat  R«+,  along  t'^';  and,  at  the  same  time,  form  a 
pencil  of  R«  in  the  R^^i  having  as  an  a/sds  the  osculating  (2^—1) 
flat  R,^,  along  r* ;  and  the  osculating  flats  of  the  pencil  are  homo- 
graphic*  with  their  points  of  osculation  along  the  generator  r. 

Compare  the  well  known  theorem  :  •Salmon  ;   Geometry  of  Three 

*  The  only  equation  introducing  v  is  linear  in  v. 


E.  jK  Modre^  jr. — T%eorems  of  Clifford  and  Cayley.         \1 


IHmennonSy  §459;  ''the  anharmonio  ratio  of  four  tangent  planes 
passing  through  a  generator  of  a  ruled  surface  is  equal  to  that  of 
their  four  points  of  contact." 

(6)modd  =  2m'-M. 

There  is  one  more  equation  in  each  case  from  the  first  group  of, 
coordinates,  X,  .  .  X^,,+9,  than  from  the  second  group,  X^##+8  •  •  • 
X„^ ;  the  V  equation  is  of  exactly  the  same  nature ;  the  conclusions 
stated  above  hold  equally  for  m  odd  or  even. 

As  the  line  r  generates  the  two-spread  S,,^,^i  the  osculating 
R^y  along   T*+*  generates  a  (2^+2)spread  of  order  (^+1)  {m—2t) 

S»ft,(^.ix«-to,»+i' 

Let  the  m—2t  asyzygetic  R»  determining  R^^.,  in  terms  of  r  be 
A„  A^, ,  ....  A»^.,;  the  A  involve  r  to  the  power  <+l ;  let 
A^o  A^,^,,  .  .  .  A»+,,,,  be  what  the  A  become  when  the  coordi- 
nates of  a  point  P,  in  the  (m-|-l)fiat  are  substituted  for  the  current 
coordinates.  The  (2^-|-2)spread  is  met  by  an  (m— 2^— l)flat  in  say 
xpobts  P.;  any  point  in  the  (m— 2<— l)flat  may  be  given  in  terms 
of  m — 2t  asyzygetic  points  P.  .  .  .  .  Pj^., ; 

say  P^X.P.+\_,P..,+  .  .  .   +^,P,^,, 
Le.,  X,,,^A,X,^.-fA.,^,X,,,^,+  .  •  .  +A.,^,X,,^^., ,  etc. 

Sabstituting  the  coordinates  of  P«  in  the  m — 2t  A^,  and  eliminating 
from  the  fn^2t  A,.,  the  m— 2<  X  which  enter  homogeneously  in 
the  Srst  degree,  we  have  the  determinant  of  the  order  m— 2^ 


A,».  m  9  A^  „^i  , 


A., 


JH-1 


Am—I,.,   A„^],.^,  ,   .    .    A,^.,^ 


MH-1,»>    •ASH-1,M-19 


►  .A^^.!^ 


«H-I 


=0, 


an  equation  of  degree  {t+l)(m^2t)  in  r;  for  each  value  of  r,  there 
b  one  set  of  values  of  the  X^  one  point  P, .  Hence  the  order  of  the 
(2<+2)spread,  the  locus  of  osculating  B»4.i,  is  (^-|-l)(m— 2<),  as 
stated.  Through  a  point  P,  an  osculating  R»+,  along  r^*  may  be 
drawn;  this  contains  the  osculating  R,^_,  along  r*;  the  R»  joining 
the  point  P«  with  this  K,^,  is  the  osculating  R^  at  some  point  t;  of 
the  line  r.  This  may  be  expressed  thus;  through  an  R„_8^_i  may 
be  passed  {t+\)(m — 2t)  m-flats  R^^  which  meet  the  spread  in  a 
((-fl)ple  line  r;  and  (^+l)(m  — 2^)  (m— l)flats  R»_,  which  meet 
the  spread  in  a  (^^-l)ple  point  rv. 
Teaks.  Cojm.  Acad.,  Vol.  VII.  3  Sept.,  1886. 
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(a)  m  even  =  2m'.     The  simplified  abbildung-system ;  §  1. 

((«*'+'  may  degenerate  into  the  line  r  taken  m!  times,  and  a  line 
through  g,;  for  this  the  limiting  case  ^=m'— 1. 

The  (2e4-2)spread,  locus  of  osculating  R^^.,  along  t*"**^  is  of  order 
(<-f-l)(m  — 2^).  But  the  (w»  —  2^)8predd,  locus  of  osculating  R«,_s^_i 
along  r*^  is  also  of  order 

(m'-^)(m-2m'-«-l)=(<-|-l)(m-2«). 

For  instance,  ^:=0 ;  the  two-spread  locus  of  lines  R,  (i.  e.,  the  orig- 
inal two-spread)  is  of  order  m ;  and,  also,  the  m-spread  locus  of  oscu- 
lating R,^j  along  t"*'  is  of  order  m. 

Thus,  when  m  is  even,  the  orders  of  the  (2<-|-2)spread  for  <=<i, 
t=it^y  are  equal,  if  t^-^t^=im' ^-l. 

(b)  m  odd  =  2m''-fl. 

t^m\  since  the  curve  (t**^^  in  the  limiting  case  degenerates  into 
the  line  r  taken  t-^-X^im' -^-X  times. 

For  ^=:m'  the  order  of  the  (2^-|-2)  =  2m'  +  2  =  (m-f  l)spread  is 
(m'-|-l)('^— 2m')=«/-|-l;  i.  e.,  through  every  point  R„»_af_,_o  of 
R^^i  may  be  passed  m'+X  R.,  meeting  the  2-apread  in  an  (w''  +  l)ple 
line  r. 

There  is  no  symmetry  analogous  to  that  for  m  even. 

4.   Curves  on  the  two-spread. 

(b)  modd  =  2m'+l. 

The  abbildung-system,  (J*"+*  having  6  as  m'-ple  pt. 

Let  us  denote  the  unique  curve  of  order  ni'  in  an  m'-flat  corre- 
sponding to  (fi  by  O;  and  the  right  lines  of  the  spread  by  r.  A 
curve  on  the  spread  of  order  />,  meeting  the  unique  curve  O  in  g' 
points  and  every  line  r  in  r  points  may  be  written  C  (0»r'). 

A  curve  on  the  abbildung  plane  A'  (0')  of  the  order  s  with  a  ^ple 
point  at  ®  is  met  by  a  curve  of  the  system  4**"+*  in  «(m'+l)— ^/n' 
points  and  by  any  line  r  in  «— <  points ;  therefore,  it  corresponds  to  a 
curve  on  the  spread  of  order  «(m'-f-l) — ^wi',  which  meets  the  unique 
curve  O  in  ^  points,  and  every  line  r  in  («  —  t)  points,  say 

So  a  curve  t,' {«'t'-*)  transforms  into  (>"•"+' >-^"  (O't'""). 

A  curve  C''  (0«),  of  order  /),  meeting  the  curve  Oinq  pts.,  must  have 

p^q  and  p=q  (mod.  m'+l)  ;  say  /?=«(w/  -fl)  — ^m', 

q==t. 
8{m''-{'\)''tm'=p.     (s^t). 

«=1,  ^=:1,J9=1.    A  line  r  on  lis  corresponds  to  a  line  r  on  the  spread. 
8=z8,  t=:8,  p=i8.     8  lines  r  correspond  to  8  lines  r. 
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If«><, />^m'+l;  which  8hows  that  the  carve  O  of  order  m'  is 
unique^  since  it  is  the  only  curve  of  so  low  an  order  on  the  two-spread 
(the  lines  r  excepted). 

Curves  on  the  two-spread  and  in  flats  of  less  than  m+l=2m'+2 
dimensions  are  /uU  skew  carves.  Such  a  curve  is  an  R^-intersection 
or  a  part  of  an  R^-intersection  ;  therefore,  its  abbildung  is  a  curve 
t*(#^*) ;  any  m'-fl  -  s  lines  r  belong  to  the  supplementary  system, 
of  which  the  asyzygetic  number  is  m'-|-2— «;  therefore,  m'-{-2— « 
isyzygetic  R,  meet  in  an  Rwii+*  in  which  the  curve  c*^"»"+'>~^'"'^""*"+ 
lies.    A  curve  C""+*  in  R«^,+,  is  a  full  skew  curve.     (I ;  theorem  C.) 

The  general  plane  curve  S,'  (<=0;  not  through  9)  corresponds  to 
a  (><•"+«)  which  does  not  meet  the  unique  curve.  The  plane  is  a  full 
skew  2-8pread  S,,,,,  (m=2m'-f  1=1,  m'=0).  All  the  geometry  of 
plane  curves  depending  upon  intersections  and  tangencies  and  the 
order  of  curves  is  immediately  applicable  to  the  general  full  skew 
two-spread  of  odd  order  m=2m'+l,  the  curves  C^»'*+^)  on  the  two- 
spread  corresponding  completely  to  the  curves  f,'  of  the  plane.  A 
carve  0<"'h-i)-«»"  ^q<^  meeting  the  unique  curve  O  t  times  is  a  par- 
ticular case  of  C*c«»"+i)^  ^nd  in  fact  plays  the  same  r6le  as  a  (><"•"+*) 
having  a  ^ple  point.     A  few  examples  are  given. 

There  is  a  double  infinity  of  curves  C*"+* ;  two  meet  in  one  point ; 
one  is  determined  by  two  points;  they  correspond  to  the  lines  A'  of 
the  plane.  A  line  r  together  with  the  unique  curve  O  is  a  special 
case  of  a  curve  C*"+*.  Five  points  determine  a  curve  0*^*"+'^ ;  which 
corresponds  to  a  conic  C  of  the  plane. 

Pascal's  theorem  becomes : 

If  six  points  P*  .  .  P*  lie  on  a  curve  0*^""+*^  the  three  points  of 
intersection  of  the  two  curves  C""+*  joining  PP*,  P*P*;  P*P^, 
PP*;  P*P\  P'P*,  respectively,  lie  on  another  curve  C""+'. 

To  a  curve  C'<*"+^>-^"  (O'r^)  there  are  s{s  '- 1)  ^t  {t+l)  = 
(«-fr)(»— <— 1)  tangent  lines  r,  and  «(«-  1)~«(«— 1)=(«— ^)(«-|-<  — 1) 
tangent  curves  C^'+*  in  a  pencil  through  a  point  P.* 

An  m-spread  of  order  P  meets  the  2-spread  in  a  curve  C*^  meeting 
the  unique  curve  O  m'P  times,  and  every  line  r  in  P  points; 
.•.C-^(?'-"+'>^(O-'"'r0.  sz:z(m'+l)P,  tzzirn'R  To  an  m-spread 
of  order  P  in  RfcM#+i-«+i  there  are  wP(P— 1)  tangent  lines  lying 
entirely  on  the  S,,«,,^,. 

Two  curves  C  (Or^),  C  (OV"^'),  meet  in  ss'  —  tt'  points;  in  particu- 
lar, two  curves  C  (Ot*^  meet  in  s^^t*  points;  one  is  determined  by 


♦  These  formulae  are  similar  to  some  given  by  Chasles,  Comples  Rendus^  1861 ;  cf. 
the  following  (a). 
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i{«(«+3)— e(«+l)}  points.  Hence  two  curveB  C  (Or^)  through 
i{«(«+3)— ^(^+1){  — 1  points  determine  a  pencil  of  such  curves 
through  these  and  \{${8^2)'^t{t^\)\-\'\  additional  points. 

(a)  m  even  =  2m'.  The  simplified  abbildung-system,  4*'+*  having 
9  as  m'-ple  point  and  ^  as  an  ordinary  point. 

Curves  C+*  {9^^^)  of  order  />+l  having  0  as  i>-ple  pt.,  through 
g,,  correspond  to  fuU  skew  curves  of  order  m'+/>;  these  are  the  only 
curves  on  the  spread  in  a  flat  of  less  than  m-fl  dimensions.  The 
proof  is  like  that  of  (b)  for  m  odd. 

In  particular: — A  line  y,— ryi=0  through  tf  corresponds  to  a 
line  r  on  the  spread  (§  2) ;  two  lines  r  do  not  meet.  A  line  t;  through 
^  corresponds  to  a  full  skew  curve  v  of  order  m'  on  the  spread ;  two 
curves  v  do  not  meet.  Through  every  point  on  the  spread  pass  one 
line  r  and  one  curve  C*',  v ;  a  line  r  and  a  curve  v  meet  in  one  point. 

A  corresponds  to  a  curve  O  of  order  m',  meeting  every  line  r. 

^  corresponds  to  a  line  A  of  order  m',  meeting  every  curve  v. 

The  curve  O  meets  the  line  A  in  a  point  OA.     (§  2.) 

In  fact,  the  curve  O,  the  line  A,  the  point  OA  in  no  way  differ  from 
an  ordinary  curve  v,  line  r,  point  tv  of  the  spread. 

Observe  that  a  curve  C  (V^)  of  order  a  (having  O  a  ^ple  and  A 
an  t4-ple  point),  corresponds  to  a  curve  0*-^)*'+(*-»)  (t*~*i/"")  of  order 
(«— ^)m'4-(«— w)  meeting  every  line  r  in  «— ^  points  and  every  curve 
V  in  ^—  u  points :  it  passes  «— f-^-u  times  through  the  point  OA  and 
meets  the  line  A  elsewhere  in  u  points,  the  curve  O  elsewhere  in  t 
points;  (.*.  in  all,  it  meets  the  line  A  in  «  — ^  points,  the  curve  O  in 
a—u  points). 

A  curve  4-*-<-^(«)  (|^m-*)^«*-(-^)  ^itb  an  («-f— w)ple  point  at 
say  (f|  corresponds  to  a  curve  C^*"^^'+^*^^  (r*"*t/^)  with  an  {s^t-^u)- 
pie  point  at  Q.  Thus  the  order  and  character  of  intersection  with 
the  lines  r  and  curves  v  and  the  (^— ^~u)ple  point  are  exactly  the 
same.  The  asyzygetic  numbers  are  equal ;  as  shown  by  the  follow- 
ing equality  (where  v=  a — t-^u^  «'=«+  v=z26 — t — w,  <'=«— w,w'=«— ^), 

{b+\)(s  +2)^t  (t  +1)  -M  (u  +1) 

=(«'+l)(«'4-2)-e'(«'  +  l)-ufw'  +  l)-v(t)+l) 
•"  ^-'  (^v 

The  statement  above  is  justified,  and  it  is  therefore  proper  to  con- 
sider only  curves  which  have  no  especial  relation  to  the  point  OA ; 
i.  e.,  in  the  abbildung-plane,  only  curves  <t'(#'^*)  where  8=.t-^u, 

The  spread  is  ruled  with  the  lines  t  (§2);  and  also  with  the  curves 
Vy  C"*,     The  curves  v  correspond  toy, — t>y,=:0;  the  (m' H- 2) spread 
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=  0 


is  cut  in  the  carves  v  by  m'-flats,  the  iDtersection  of  corresponding 
R,  in  the  m'  + 1  projective  pencils  of  m-flats  R^ , 

X,^,— i;Xi=:0,     X^^,— i;X,^0 X^^,— t;Xa„^,^0. 

A  curve  t*^  (9f%*)  corresponds  to  a  curve  C«*'+'  (7*t/)  of  order  um!  -^-t 
meeting  each  line  r  in  w  points,  each  curve  vmt  points. 

Since  the  number  of  intersections  of  curves  on  the  two-spread  with 
the  lines  r,  the  curves  t;  and  with  each  other,  and  all  intersection-  and 
tangency-properties,  depend  only  on  the  abbildung-curves,  it  is  clear 
that  there  is  a  complete  correspondence  between  the  curves  on  a  two- 
spread  of  even  order  mz=2m',  and  those  on  an  ordinary  hyperboloid 
or  quadric  (m'=:l) ;  the  two  systems  of  ruling  curves,  the  lines  r  and 
the  carves  v  of  order  m',  answer  to  the  two  systems  of  generators  on 
the  quadric  (only,  in  the  latter  case,  the  two  systems  being  of  the 
same  order  are  indistinguishable).  Hence  many  of  Chasles'  results 
(Comptes  Jiendtis,  liii,  1861)  concerning  "Propri6tes  g6n6rales  des 
conrhes  gauches  traces  sur  Fhyperboloide "  apply  in  this  more 
general  case;  for  example: 

A  curve  C*^^'(T*t^)  is  determined  by  <?<-|-(^-|-t«)  points. 

Two  curves  (>*'+'(T"t/),  C***'+"(r»V'),  meet  in  lu'+ue  points. 

All  curves  C"*'^'(T*t/)  going  through  tu  +  {t-{-u)^l  fixed  points 
form  a  pencil  passing  through  ^a  — (^+w)  +  l  other  fixed  points; 
since  any  two  meet  in  2tu  points. 

To  a  curve  C"*^'  (^'t^)    2^(w— 1)  lines  r  are  tangent. 
2u{t — I)  curves  t^  are  tangent. 
2tu  curves  C"'+*  {^'v')  of  a  pencil  through  a 
pt.  P  are  tangents. 

These  numbers  are  easily  derived  by  considering  the  correspond- 
ing abbildung-curves. 

The  curve  C"^*  {'ft/)  corresponds  to  a  curve  C*^(r*t/)  on  an 
ordinary  quadric ;  on  the  quadric  there  is  no  distinction  between  the 
curves  0+*  (r"t/),  C"^'  (t^«>")  ;  i.  ©.,  two  curves  of  the  same  order  ^  -J- w, 
▼bich  meet  the  generators  of  one  system  r  in  r  points,  and  those  of 
the  other  system  f  in  «  points.  If,  then,  there  is  a  theorem  about 
curves  of  order  i/^'+^^  (*'=1>  2, .  .  S')  meeting  the  lines  r  in  u^  pts. 
tod  the  carves  v  in  t^  pts.,  the  same  theorem  will  be  true  about  cor- 
responding curves  of  order  i^m'-^u^  meeting  the  lines  r  in  t,  pts.  and 
the  carves  i;  in  w,  pts. 

A  curve  C''{T*t/)  must  have  P=zum'  -^t. 
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An  m-spread  of  order  P  intersects  the  2-spre&d  in  a  curve  of  order 
mP=2m!P^  meeting  the  lines  r  in  m=  P  points,  and  the  curves  v  in 
tem'P points;  say  C-"''(T'*tr"*)  =0^^'^^^ (r^iT'O- 
2<(tt-l)z=2m'P(P-l)=mP(P-l) 

lines  r  are  tangent  to  this  curve. 

There  are  wP(/*— 1)  lines  r  lying  entirely  on  the  two-spread 
S,.„,«fi  and  tangent  to  an  m-spread  S^p.^^i  of  order  P.*  (m  odd 
or  even  ;  cf.  §  4,  b). 

The  curves  on  a  full  skew  two-spread  of  even  order,  m=i2m',  then, 
have  an  exact  correspondpnce  with  those  on  an  ordinary  quadric, 
/n^2;  those  on  a  full  skew  two-spread  of  odd  order,  m=:2m'+l, 
have  almost  as  exact  a  correspondence  with  the  curves  on  a  plane, 
m=] ;  the  unique  curve  O  is  a  singularity,  but  curves  meeting  it  in 
t  points  play  very  much  the  same  r61e  on  the  two-spread  as  curves 
having  a  ^ple  pt,  at  an  ordinary  point  of  the  spread.  These  close 
correspondences  with  the  hyperboloid  and  plane  curves  are .  the 
marked  features  of  the  theory  of  curves  on  full  skew  two-spreads. 

III.     Spreads  op  Odd  Orders  on  Quadbics. 

The  known  theorems,  that  a  curve  Si  of  odd  order  on  an  ordinary 
quadricone,  cone-Qj^g,  passes  an  odd  number  of  times  through  the 
vertex  Y,  and  that  a  general  quadric  d-spread  Q,^4  contains  no 
2-Bpreads  S,  of  odd  order  (cf.  Clifford,  MathematiccU  Papers^  p.  64<1), 
may  be  extended. 

Qr,f+i  will  denote  a  general  quadric  r-spread  in  R,4.i,  and 
cone-Q,,^i  a  quadric  r-spread  in  R^,  formed  by  joining  a  (general) 
Q,«,,  r  to  a  vertex-point  V  in  R^, . 

The  section  of  Q^^^i  made  by  a  tangent  r-flat  R,  is  a  cone-Q^,,,. 

The  section  of  a  cone-Q,,^,  by  an  R,  through  the  vertex  V  is  a 
coue-Q^,,,;  but  that  by  an  arbitrary  R,  is  a  (general)  Q^_i,^. 

S,  will  denote  an  r-spread. 

A,.  The  general  Q^^.j^+i  has  on  it  no  r-spread  of  odd  order 
unless  r<^m  +  l. 

Af.  The    cone-QtM,  ftH-i    ^^    ^"    ^^    "^  r-spread    of    odd    order 
A« .         unless  r<jn  + 1  ;  while 

A„.        m-spreads    of  .^Jj  order  pass    an  J^\  number  of 
times  through  the  vertex  V. 
B,.  The  general   Q«»»_i,s»  has   on   it  no  r-spread   of   odd   order 
unless  rKCjm. 


*  Ohasles  givea  this  for  the  case  m=2. 
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B,.  The  cone-Q,i»_i,  9»  has  on  it  no  r-spread  of  odd  order  unless 

B„.         r<^m  +  l;  while 

B„.        m-spreads  of  ^J}  order  pass  an  ,^}  number  of  times 
through  the  vertex  V. 
Let  B,  hold  in  R}, ;  then  will  the  theorems  A  hold  in  R9.+1 . 

^    Take   arbitrary   R^  section  of  ^,»»+i   f  containing  an 

rspread  of  odd  order;   there  results  a  (general)  n*^*'*"  r  ^^^^   *° 

(f^l)8pread  of  odd  order  on  it;  hence,  by  B,,  r — 1<^m;  or  r<[n+l ; 
proving  A, ,  A„ . 

A^  Notice  that  the  projection  in  R9M4.1  from  a  pt.  P  upon  an 
R^  of  an  r-spread  of  order  a  passing  t  times  through  P  is  an 
f-spread  of  order  «-^,  i.  e.,  of  odd  order,  unless  a-t  is  even  ;  i.  e.,  unless 
the  r-spread  of  ,^}  order  passes  an  eJ2}  number  of  times  through  P. 

Take  arbitrary  R*.  section  of  cone-Q«»,,»+,  containing  an  w-spread 
S,;  it  is  a  Q«_i,s,  which  contains  the  projection  through  P  of  S, ;  if 
Bi  holds,  the  preceding  consideration  shows  that  A^  must  also. 

Hence,  if  the  propositions  hold  for  R,.  (i.  e.,  the  B),  they  do  for 
Ri^i  (i.  e.  the  A). 

If  the  A  (mj^'=n)  hold  for  R^^., ,  the  B  (mj,=n-rl)  will  hold  for 

Bj.  The  Qs.+t.fcHHf  contains  an  r-spread  S^  of  odd  order;  the  tan- 
gent RfcH^i  at  a  pt.  V  (not  on  the  r-spread  S,),  cuts  the  quad- 
ric  in  a  cone-Q,m„+i, 'containing  an  (r—ljspread  of  odd  order 
not  passing  through  the  vertex  V ;  hence,  by  A,, , 

r— l<;n,  r<^n  +  l,  r<^mBy  proving  B, . 

Bj.  An  R,^ (-section  through  the  vertex  V  of  the  cone-Q^^.,,  ,i^^, 
shows  the  dependence  of  B«i,  B^  on  the  truth  of  A,i,  A^,. 

Bat  A,  holds  for  R,.  A  curve  of  .^t  order  in  an  ordinary  quad- 
ricone,  cone-Q,,,,  passes  through  the  vertex  V  an  .^}  num- 
ber of  times,  because  its  projection  through  V  upon  a  plane  R, 
b  (a  conic)  of  even  order. 

Prom  A,  for  R,  follow  at  once  the  B  for  R^,  and  thus  the  general 

propositions  as  enunciated  for  R,^,  Rm»4^i  • 

IV.     Flats  on  Quadrics. 

Prof.  Cayley,  "  On  the  Superlines  of  a  Quadric  Surface  in  5-dimen- 
«onal  space"  {Quart,  J.  M.,  IS12-^,  t.  xii,  p.  176)  gives  an  analyti- 
cal proof  of  the  proposition,  suggested  by  an  evident  theorem  in 


24         SL  S.  Moore^  jr,--Theorem8  of  Clifford  and  CayUy. 

line-geometry; — (using  Clifford's  expressions) :  On  a  qoadric  4-spread 
04,5  there  are  two  triply  infinite  systems  of  planes  R,,,,  R»,&;  two 
planes  of  the  same  system  meet  in  a  point ;  two  of  opposite  systems 
in  general  do  not  intersect  at  all,  if  they  do,  it  is  in  a  line. 

There  is  a  similar  theorem  for  quadrics  in  all  fiats  of  odd  dimensions. 

1.  On  a  quadric  'Imspread  Qtm^tm+i  *'>  (2m-f  1)^<  R9-1+1  there 
are  two  ^  m(m  + 1  )ply  infinite  systems  of  m  fiats  R^  .♦ 

If  this  holds  for  R,»„, ,  then  it  will  hold  for  R^^^, .  For  R,  (m=l) 
this  is  the  doable  system  of  generators  R,  on  a  qaadric  surface. 

Project  upon  a  fixed  r^^  from  a  pt.  V  on  the  Q»,»,f»+i.  The  tan* 
gent  R'fc»  at  V  cuts  Qa»,j«^.i  in  a  cone-Qj,,^.,,  ^ ,  with  vertex  at  V, 
and  it  cuts  r^^  in  a  fixed  r'tm-19  which  contains  the  projection 
through  V  of  the  cone-Q^_,,a^  i.  e.,  a  fixed  q'^m-i),im^\  • 

An  R^  on  the  Q*.,,^^,  JiCTS?.^!!!?^ ""  I  meets  the  tangent  R',.  at  V 
in  ^^  (and  is  projected  into  an  ;2_^  ^XXJ^^\y\  ^"  '^^  ^^^^ 

The  converse  is  also  true.§ 

The  q\m-\),9m^i  '»  supposed  to  have  on  it  two  ^(m  — l)m-ply 
infinite  systems  of  (m — l)flats  r»_, .  In  r^  two  r«  meet  in  a  point; 
hence,  there  are  00**  r«  through  a  fixed  r^.., ,  i.  e.,  one  joining  the 
fixed  r^,  to  every  pt.  of  the  oo"  pts.  of  a  random  fixed  r^ .  These 
r^  correspond  to  R^  on  the  Q^.  fc»fi . 

Therefore,  on  the  Qf»,l,»^.l,  there  are  two  00"*.  00     ^     =  od     ^ 
=im  (m+ l)ply  infinite  system  of  m-flats  R^ . 

2.  The  intersections  of  the  mfiats, 
(k)  m  odd. 

Two  R^  of  the  same  system  (R«,«,  R«,«)  in  general  do  not  inter- 
sect, but  in  special  cases  they  may  intersect  in  R, ,  or  R, ,  or  .  .  . 
orR^,. 

Two  of  opposite  systems  (Rw,«,  R«.,6)  in  general  intersect  in  a 
point,  but  may  intei-sect  in  R,,  or  R4,  or  ...  or  R«.t . 

•  There  is  on  tlie  quadric  no  R,  if  «>  wi ;  (III,  A,). 

f  If  au  Rm  passes  through  V,  it  lies  completely  in  the  tangent  R'a^  at  V. 

X  Thus  the  intersection  of  an  r^  (the  projection  of  an  R^)  with  the  fixed  r'^m—i 
lies  completely  on  the  fixed  q';  and  likewise  two  rm  and  the  fixed  r^sm-i  intersect  on 
the  fixed  q'. 

§  A  quadric  m-spread  passing  through  V  would  project  into  an  m-fiat  r^  having  a 
qnadric  (m— 2)spread  on  q'. 
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if)  m  even. 

Two  R«  of  opposite  systems  in  general  do  not  intersect,  but  may 
intereect  in  R, ,  or  R,,  or  ...  or  R^, . 

Two  R«  of  the  same  system  in  general  intersect  in  a  point,  but  may 
intersect  in  an  R^,  or  R4,  or  .  .  .  or  R«_,. 

This  may  be  expressed  (Ro=  a  point,  0  =  no  intersection),  begin- 
ning with  the  most  infrequetU  cases : 

Two  R„  of  ^JjjSSI}  system  intersect  in 


in  fc«n«r»i 
m  «T»o           M  odd 

or    . 

.  .  or  Ro     ,     0 

or    . 

.  .  or     0     ,     Ro 

R«-8,orR« 
R«_, ,  or  R^ 

(1).  A  few  considerations  to  be  used  in  the  proof  are  given  here. 

In  ffc,  two  r^  meet  in  a  pt.  r© ;  if  in  another  pt.,  then  in  a  line  r,  • 
if  two  r„  have  an  r,  common,  and  also  another  pt.,  then  they  have  an 
f,+i  in  common. 

Two  r»  intersecting  on  q*  in  r,  may  intersect  in  another  point ; 
tnd  thus  in  r^, ;  but  they  do  not  intersect  in  two  other  asyzygetic 
points,  for  then  the  intersection  with  the  fixed  r'^^i  would  not  lie 
entirely  on  the  q*,     (Cf.  foot-note  J,  §1.) 

If  two  r,  intersect  only  in  an  r,  lying  on  the  q\  the  two  correspond- 
ing R.  meet  the  R,^.,  joining  this  common  r,  to  the  fixed  point  V  in 
two  R»  (which  were  both  projected  into  the  common  r,)  which  in  the 
K^^i  intersect  in  an  R^, .  As  a  special  case,  if  two  r^  intersect  in  a 
point  To  on  q\  the  two  corresponding  R^  [intersect  the  line  R, ,  join- 
ing r^  to  V,  in  two  points  R©  and]  do  not  intersect. 

(2)  m  even.  The  r^j  on  q'  intersect  according  to  (^),  m— 1  being 
odd. 

^"  <t  ''■►-i,  a  and  r«_i,  a  in  general  do  not  intersect,  but  may  in- 
tersect in  r^^ri  ....  or  r,^_3.  Two  r»  through  them  must  intersect 
in  a  point,  at  least.  Hence,  in  general,  m  being  even,  two  R^^  of  the 
same  system  intersect  in  a  point.  In  the  particular  cases,  if  the  two 
r,  intersect  entirely  on  q\  the  two  R^  intersect  in  Rq,  R2  .  .  .  or 
R_4;  but  if  the  two  r^  intersect  also  in  a  point  not  on  q\  the  two 
R,  mtersect  in  R^  R*  .  .  .  or  R„_8 . 

On  q'  r^^x,»  and  r,^,,^  intersect  in  a  point  ro;  but  may  intersect 
in  '*!,''«  ...  or  r,^,.  Two  r«  through  them  would  in  general  in- 
tersect in  no  external  point ;  hence,  in  general,  m  being  even,  two 
R,  of  opposite  systems  do  not  intersect.  In  the  particular  cases,  if 
the  two  r«  intersect  entirely  on  q\  the  two  R^  intersect  in  R„  R3 
•  .  •  or  R,^_a;  but  if  the  r„  intersect  also  in  a  point  not  on  q\  the 
two  R,  intersect  in  R,,  R,  ...  or  R,»_, . 
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Thus,  the  {k)  holding  for  m  — 1  odd,  the  {/)  hold  for  m  even. 

(3)  m  odd.  By  similar  considerations  it  is  shown  that,  the  (/) 
holding  for  m  even,  the  {k)  hold  for  m+l  odd.  But  the  {k)  hold 
for  m=i\  on  the  quadrio  Q^.a  in  R,  (as  might  be  shown  immediately 
by  the  projection  from  V  on  a  plane) ;  and,  therefore,  {k)  and  {I)  are 
true  in  general. 

3.  One  m-flat  of  each  system  passes  through  every  R,^,  of  the 
Q^ .  The  R,»_i  projects  into  an  r"~'  having  an  r^_,  on  q\  through 
which  (suppose)  there  pass  an  r^_i, «  and  an  »'«_i,ft;  the  original  r^, 
and  the  r^_,, , ,  intersecting  in  r«_, ,  determine  an  r^  the  projection 
of  an  R^,  a  through  the  R„_, .  This  is  true  on  the  Q^^s;  therefore,  in 
general. 

Every  pt.  in  Rj^h+i  bas  a  polar  R,^  with  reference  to  the  Q,^ ;  the 
polar  Rj^  of  every  pt.  in  an  R,  passes  through  a  certain  Rj„_^  which 
is  called  the  polar  of  the  R, .     (Clifford.) 

If  the  5-flat  R,  lie  on  the  Qa^ ,  the  polar  R,„  of  every  point  in  it, 
i.  e.,.the  tangent  R,^  at  that  point,  passes  through  the  *-flat  itself; 
hence  the  polar  P,„_  must  include  the  original  «flat  R,. 

The  m-flats  R«  are  self -polar. 

The  R„,.  and  R^,*  through  an  R^i  taken  together  lie  in  and 
determine  the  polar  R„^,  of  the  R„_i . 

More  generally,  two  R«  intersecting  in  an  R,  lie  in  and  determine 
the  polar  Rj^^  of  the  R, . 


in.— On  Knots,  with   a  Cknsus  fob  Order  Ten.     By  C.  N. 
Little,  Lincoln,  Neb. 

1.  Giuss  in  1838*  called  attention  to  the  importance  of  the  study 
of  the  ways  in  which  cords  might  be  linked.  Nothing,  however, 
appears  to  have  been  written  upon  the  subject  until  in  1847  Listing 
published  his  Vorstudien  zur  Topologie.j  In  this  he  briefly  but  in  a 
masterly  way  touched  upon  the  subject  of  knots,  established  some  of 
the  fandamental  propositions,  and  proposed  a  notation  which,  as 
slightly  modified  by  Prof.  Tait,  furnishes  the  point  of  view  for  the 
present  paper.  In  a  communicationj  to  Prof.  Tait  in  1877,  Listing 
points  out  the  fragmentary  character  of  his  own  contnbution  to  the 
subject,  and  says  that  the  type-symbol  used  by  him  is  "nichts  weiter 
ab  ein  derartiger  Fingerzeig." 

It  is  to  Professor  Tait,  however,  that  the  greater  part  of  our  pres- 
ent knowledge  of  the  subject  is  due.  He,  independently  of  Listing, 
obtained  the  fundamental  propositions  and  found  the  knots  and  their 
forms  for  orders  from  three  to  seven  inclusive.! 

In  1884  Kirkman  |  published  the  forms  of  knots  of  orders  eight  and 
nine,  and  immediately  Tait,  making  use  of  Kirkman's  work,  extended 
his  census  of  knots  to  these  orders.^ 

2.  Professor  Tait  has  shown  that  any  closed  plane  curve  of  n  cross- 
ings divides  its  plane  into  n  +  2  compartments ;  that  these  compart- 
ments are  in  two  groups ;  that,  at  the  crossings,  like  compartments 
are  vertically  opposite.  We  shall  call  these  compartments  of  the 
plane  parts.  A  part  is  represented  by  the  number  equal  to  the  num- 
ber of  double  points  on  its  perimeter.  The  sum  of  the  numbers 
representing  the  parts  of  either  group  is  2n,  that  is,  these  numbers 
together  constitute  a  partition  of  2w.  The  partitions  for  the  two 
groups  together  make  up'  Listing's  type-symbol.     As  it  can  lead  to 

*  **  Eine  Hauptaufgabe  aus  dem  Grenzgebiet  der  Geometria  Sihu  und  dep  Geo- 
wiria  MagrUkuUniB  wird  die  sein,  die  Umachlingungen  zweier  geschloasener  oder 
onwidlidier  Linien  zu  zahlen." — Werke.    Gottinjfen.  1867,  vol.  v,  p.  605. 

f  G6tticg©D  Studien,  1847.  I  have  been  able  to  see  only  Tait's  apparently  full 
tbatrwt  in  Proc  Boy.  Soc.  Bdio.,  vol.  ix,  pp.  306-309. 

\  Proc  Roy.  Soa  Edin.,  vol.  ix,  p.  316. 

g  On  Knote,  Trans.  Roy.  Soc.  Edin.,  xxviii,  145-191,  1876-77 

I  Tnns.  Roy.  Soc.  Edin.,  xxxii,  281-309, 

1  Trini.  Roy.  Soc.  Edin.,  xxxii,  327-342 


28  C,  N.  Little — Knots^  with  a  Cetistis  for  Order  Ten, 

uo  ambiguity  we  shall  also  call  the  number  representiDg  a  compart- 
ment a  part^  and  either  group  of  compartments  a  partition. 

Since  every  closed  plane  curve  of  n  crossings^  having  double  points 
only,  may  be  read  alternately  over  and  under  at  the  crossings,  every 
such  curve  which  gives  parts,  none  greater  than  n  or  less  than  2, 
may  be  taken  as  a  projection  of  a  reduced  knot  of  n  crossings.  We 
call  such  curves  knot-forms  or  briefly,  ybn/i^,  and  regard  two  forms 
as  distinct  if  they  do  not  have  the  same  parts  similarly  ari-anged. 

The  first  pait  of  the  problem  is  to  find  all  the  different  knot-forms 
of  any  order. 

Since  the  same  knot  may  be  transformed  so  as  to  be  projected  into 
more  than  one  knot-form,  the  second  part  of  the  problem  is,  from  the 
complete  series  of  knot-forms  of  n  crossings  to  find  all  the  different 
w-fold  knots.  Knots  exist  for  which  the  law  of  over  and  under  does 
not  hold ;  these  are  not  considered  in  the  present  paper. 

3.  It  is  unnecessary  to  do  more  than  allude  to  two  very  distinct  and 
very  ingenious  methods  devised  and  used,  the  one  by  Tait  and  the 
other  by  Kirkman,  for  the  solution  of  the  first  part  of  this  problem. 
We  may  perhaps  infer  from  Professor  Tait's  opinion*  that  "  a  full 
study  of  10-fold  and  1 1-fold  knottiness  seems  to  be  relegated  to  the 
somewhat  distant  future,"  that  they  were  more  laborious  than  proves 
to  be  necessary. 

4.  A  third  method,  based  on  Listing's  type-symbol,  is  thus  de- 
scribed by  Professor  Tait  at  page  1 68  of  his  first  memoir. 

"  Write  all  the  partitions  of  2n,  in  which  no  one  shall  be  greater 
than  H  and  no  one  less  than  2.  Join  each  of  these  sets  of  numbers 
into  a  group,  so  that  each  number  has  as  many  lines  terminating  in 
it  as  it  contains  units.  Then  join  the  middle  points  of  these  lines 
(which  must  not  intersect  one  another),  by  a  continuous  line  which 
intersects  itself  at  these  middle  points  and  there  only.  When  this  can 
be  done  we  have  the  projection  of  a  knot.  When  more  continuous 
lines  than  one  are  required  we  have  the  projection  of  a  linkage." 

On  page  160  of  the  same  memoir,  he  says,  speaking  of  this 
method:  "But  we  can  never  be  quite  sure  that  we  get  cUl  possible 
results  by  a  semi-tentative  process  of  this  kind.  And  we  have  to  try 
an  immensely  greater  number  of  partitions  than  there  are  knots,  as 
the  great  majority  give  links  of  greater  or  less  complexity." 

It  seems  possible  however,  with  the  help  of  some  simple  theorems 
to  make  the  *'  Partition  Method  "  exhaustive,  and  wholly  to  do  away 
with  the  drawing  of  links. 

*  In  1884.     Trans.  R.  S.  E.,  xxxii,  328 
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5.  Ad  inspection  of  form  Aa  of  Plate  I  will  make  clear  some  (jerms 
already  introduced  and  others  that  we  shall  now  require.  Regarding 
the  curve  Aa  as  alone  in  a  plane,  it  divides  it  into  twelve  parts^  two 
9-gOD8,  two  3-gons  and  eight  2-gons.  The  external  3-gon  or  am- 
plexum  differs  in  no  way  from  the  other  parts.  Of  these  twelve 
parts,  two  9-gon8  and  one  2-gon  fonn  one  group — the  leading  par- 
tition ;  the  two  3-gou8  and  seven  2-gons  form  the  other  group — the 
iubordinate  partition.  The  terms  leading  and  subordinate  are  rela- 
tive merely,  but  that  partition  will  be  taken  as  leading  which  has 

the  smaller  number  of  parts.     The  type-symhol  for  Aa  is    \    ,  ^ . 

(  o  2 

6.  The  double  points  common  to  the  perimeters  of  two  parts  of  the 
same  partition  will  be  called  bonds  of  those  parts,  and  the  parts  are 
said  to  be  bound  by  these  bonds.  It  is  well  known  that  a  type- 
symbol  does  not  determine  a  form.  For  this,  it  is  necessary  to  know 
the  numbei-s  of  bonds  between  the  several  parts  of  either  par- 
titioD,  together  with  the  an'angement  of  these  parts. 

In  general  the  parts  of  a  given  partition  may  be  bound  in  more 
than  one  way  giving  forms  that  may  be  projections  of  either  links  or 
knots.  Each  set  of  numbers  of  bonds  of  the  several  parts  of  the 
given  partition  is  a  dutch  of  that  pai*tition. 

The  cUiM  p  of  a  partition  is  the  number  of  parts  in  it.  The  class 
of  a  form  is  the  class  of  its  leading  partition.  The  order  of  any  par- 
tition is  equal  to  n  and  is  the  same  as  the  order  of  all  knot-forms 
derivable  from  it.  The  deficiency  k  of  a  partition  is  its  order  minus 
its  greatest  part. 

7.  Let  the  parts  of  2n  be  A,  B,  C,  .  .  .  P  arranged  in  order  of 
magnitude,  and  the  numbers  of  bonds  of  each  part  be  respectively 
^y  f^i  yt  '  '  '  ^'  Let  the  number  of  bonds  common  to  any  two  parts 
as  A  and  B  be  (AB).     Then 

(AB).h(AC)+ (AP)  =  a 

(AB)-f  (BC)+ (BP)=/^ 

(AC)-f-(BC)-f- (CF)=r  H"") 

(AP)  +  (BP)+  ......  .*(OP)  =  ;r  J 

or  n  equations  with  |^n(n—  1)  unknown  quantities  which  can  have  only 
positive  integral  values.  The  possible  solutions  of  (a)  will  evidently 
give  all  the  clutches  for  this  partition. 
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8.  I.  Theobbm. — If  a  part  be  solely  bound  to  a  second  part,  or  ii 
any  q  parts  {q  >/>— 2)  be  bound  mutually  in  any  way  and  all  free 
bonds  of  these  parts  go  to  a  single  part,  then  this  portion  of  the  form 
constitutes  a  separate  knot  (unless  there  be  linkage)  and  the  string 
concerned  in  it  may  be  drawn  tight  without  affecting  the  remainder 
of  the  knot-form.  Such  knots  are  not  considered  as  belonging  to 
order  n. 

In  particular  a  2-gon  so  bound  throws  out  from  consideration  a 
clutch. 

9.  II.  Theorem.— No  knot-form  of  the  nth  order  has  as  leading  par- 
tition one  whose  class  exceeds  k  4-  2. 

Adding  equations  (a)  above,  dividing  by  two,  and  subtracting  the 
first  and  any  other,  say  the  second,  we  find 

-(AB)  +  (CD)  +  (CE)+  .  .  .  (CP)+  .  .  .  (OP)=n-a-/^, 


Therefore,  (AB)</J--x. 
In  a  similar  way 


=  K^ti. 


(AC)^;/-K 
(AD)<(J-K 


(AP)<;r-x 
Adding  (AB)  +  (AC)H-.  .  .  .  (AP)</^+;/+   .  .  .   7t-{p-\)H 

<n-(/>-2)K,  ' 
we  have  then  the  two  conditions 

(AB)  +  (AC)4-  .  .  .  (AP)<n-(;>-2)«)  ,^. 

=n— K.  ) 

Now  suppose,  if  possible,  />=x  +  3 

(AB)  +  (AC)+   .  .  .  (AP)=n-K  =n-K 

<n-(x+l)K  <n-«-«^ 

To  the  minimum  values  of  (AB),  (AC),  etc.,  (that  is,  to  //— x, 
y—H  .  .  .  )  must  be  added  x*  in  all,  and  to  no  one  more  than  «— 1, 
by  I.  The  k4-2  smallest  parts  of  h  square  are  evidently  (x—l)* 
(k— 2)«-*.  By  adding  these  x  +  2  parts  in  any  way  to  the  mini- 
mum values,  a  clutch  will  be  given  in  which  each  of  four  parts  will 
have  a  single  bond  not  going  to  A,  and  each  of  h—2  parts  will  have 
two.  A  part  of  the  latter  kind  cannot  have  its  two  free  bonds  car- 
ried to  a  second  part  of  the  same  kind,  by  I.  If  two  parts  be  joined 
by  a  single  bond  there  will  be  left  two  free  bonds.  Ultimately  it 
will  be  necessary  to  join  two  parts  of  the  first  kind  to  a  combina- 
tion of  parts  having  but  two  free  bonds,  and  I  will  apply.  If  any  of 
the  K  +  2  parts  of  k*  be  diminished  by  8  then  will  s  parts  of  2/*  be 


6\  N.  JMtle — KnoU^  with  a  Censtts  for  Order  Ten,  31 

added  to  those  of  the  first  kind,  and  however  the  free  bonds  may  be 
arranged,  altimately   the    same  result  as  before   will   be    reached. 
Therefore^  cannot  equal  x  +  3  and  still  give  knot-forms. 
Much  less  can  p  be  greater  than  x4-3. 

10.  A  given  clutch  of  a  leading  partition  does  not  uniquely  deter- 
mine a  form.     The  following  proposition  however  holds. 

in.  Tbeobbm. — All  or  none  of  the  forms  determined  by  any 
given  clutch  of  a  partition  are  knot-forms  of  the  order  considered. 

For,  all  forms  to  be  had  from  any  clutch  of  a  given  partition  may 
be  obtained  by  taking  all  the  possible  different  changes  (consistent 
with  the  given  clutch)  of  relative  position  of  the  various  parts. 
But  these  can  all  be  effected  by  successive  interchanges  of  the  con- 
nections of  two  parts,  whether  such  connections  are  direct  (by  a 
single  bond)y  by  a  2-gon,  by  a  3-gon,  or  are  more  complicated.  We 
may  therefore  confine  the  attention  to  a  definite  portion  of  the  knot 
and  keep  the  remainder  fixed.  Let  A  and  B,  (Fig.  1,  Plate  I),  be  two 
parts  connected  as  shown.  Two  strings,  or  two  parts  of  a  single 
string,  are  involved.  If  there  were  more  all  but  two  would  be 
closed.  Let  the  ends  of  these  strings,  or  parts  of  a  single  string, 
leave  the  portion  of  the  form  under  consideration  at  a  and  c  on  the 
perimeter  of  A,  and  b  and  d  on  that  of  B.  Cut  at  these  points  and 
call  the  ends  a  and  a\  b  and  b\  c  and  c\  d  and  d' ;  a^byC  and  d  remain 
fixed.  Now  revolve  through  180°  about  the  axis  AB,  and  join  the 
free  ends. 

Before  the  change  there  may  be  three  cases.     The  strings  may  be 

\ab     \  ^^\  ad     ^^^^  *^®  change  a'  is  joined  to  c,  and  c'  to 

a  ;  h'  to  d,  and  rf  to  ft. 

\bd  ,,         Xbd'Vd 

(a  c  ac'  a'  c 

she  „         \b€P  a'  c 

[ad  \ac'Vd 

Therefore  coming  up  to  this  part  of  the  knot  on  any  string,  we 
must  leave  on  the  same  string  before  and  after  the  change.  If  then 
the  form  was  a  knot  before  the  change  it  will  be  one  after,  and 
if  a  link  before  it  will  be  a  link  after. 

11.  CoUs, — A  succession  of  n  2-gons  constitutes  an  n-eoU^  which 
may  be  open  or  closed.  Since  at  the  3rd  or  2w4-l8t  crossing  of  a 
coil  Uie  strings  have  the  relative  position  of  the  first  crossing,  if  the 
coil  be  closed  by  carrying  around  the  ends  to  the  beginning  and 
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joining  them  so  as  to  preserve  the  law  of  over  and  under  one  string 
will  be  formed.  While  if  from  the  2nth  crossing  the  strings  are  car- 
ried around,  that  string  over  at  the  1st  is  under  at  the  2nth  and,  on 
joining,  there  will  be  two  strings. 

(2n-\-  \Y  •  •       f2w)*. 

Hence,  as  is  well   known,  /o\«ii+i      ^^  always  a  knot,  while  V^vji  is 

always  a  link. 

12.  For  the  purpose  of  distinguishing  between  clutches  giving 
knots  and  those  giving  links,  it  follows  from  Theorem  III  that  we 
may  take  the  direct  bonds  between  any  two  parts  together,  and  these 
form  open  coils  of  the  subordinate  partition  ;  and  further  it  is  evident 
from  §  11  that  any  odd  open  coil  (even  number  of  bonds),  may  be 
dropped,  and  any  even  coil  (odd  number  of  bonds)  may  be  replaced 
by  a  single  bond.  If  the  resulting  clutch  gives  link,  so  would  the 
original.  If  the  resulting  clutch  be  still  too  complex  for  easy  recog- 
nition of  its  character,  the  clutch  of  the  subordinate  partition  of  the 
resulting  form  may  perhaps  be  still  farther  reduced  in  the  same  way. 
If  the  clutches  of  lower  orders  were  at  hand  they  also  could  be  used 
for  settling  the  question. 

13.  We  have  the  following  theorems  for  throwing  out  clutches 
unproductive  of  knot  forms. 

IV.  Theorem. — If  a  part  be  joined  to  other  parts  in  every  case  by 
an  even  number  of  bonds,  there  is  linkage.  For,  the  string  about 
this  part  is  closed  by  Section  12. 

V.  Theorem. — If  two  parts  are  connected  by  two  2-gons  (of  the 
same  partitioo  with  the  parts)  there  is  linking.  For  they  may  be  put 
in  succession  by  Theorem  III.  When  this  is  done  there  is  a  4-gon  of 
the  negative  partition  bound  to  two  other  parts  in  each  case  by  two 
bonds,  and  IV  applies. 

VI.  Theorem. — An  odd  part  joined  to  one  part  by  an  odd  number 
of  bonds  and  to  other  parts  in  every  case  by  an  even  number  of 
bonds  may  be  dropped ;  for,  by  Theorem  III  it  becomes  a  loop  with  a 
single  crossing,  and  this  can  have  no  effect  on  the  question  of  linking. 

In  particular  a  3-gon  joined  by  one  bond  to  one  part  and  by  two 
bonds  to  a  second  part  may  be  dropped. 

If  two  odd  parts  are  joined  by  an  odd  number  of  bonds,  and  are 
joined  to  other  parts  in  every  case  by  an  even  number  of  bonds  there 
is  linkage. 

In  particular  two  3-gons  so  joined  throw  out  the  clutch. 

VII.  Theorem. — If  two  3-gons,  C  and  D,  are  themselves  joined 
directly  and  are  joined  to  A  and  B  in  each  case  by  a  single  bond 
there  is  linkage. 
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For,  HCM  (fig.  2,  Plate  I)  under  we  will  say  at  C  is  over  at  H  and 
M.  LCN  is  then  over  at  C  and  under  at  L  and  N.  LHN  is  over 
at  L,  under  at  H,  and  over  at  N.  Its  continuation  is  therefore  NML 
which  is  over  at  N,  under  at  M,  and  over  at  L. 

14.  Class  III,  Ordbb  n. — In  this  olass  we  have 

(AB)-h(AC)4-(BC)=n 
and  an  unique   solution   of  equations  (a),  §  9.     Therefore   (BC)  =  x, 
(AB)=/?— xand  (AC)=y—x,     If  two  or  three  of  these  quantities 
be  even,  the  clutch  to  which  they  belong  will  give  a  linkage,  by 
Theorem  IV.     In  other  cases  by  §  12  there  is  a  knot. 

Suppose  7i  to  be  odd  and  a  even  ;  then  h  is  odd,  and  /3  and  y  are 
both  odd,  or  both  even.  In  the  first  case  the  clutch  gives  a  link,  in 
the  second  a  knot. 

Suppose  n  to  be  odd,  and  a  odd ;  then  h  is  even,  and  of  /3  and  y 
one  must  be  odd  and  the  other  even.     The  clutch  gives  a  link. 

Suppose  n  to  be  even  and  a  even ;  then  h  is  even  and  /3y  y  are 
both  odd  or  both  even.     In  the  first  case  a  knot,  in  the  second  a  link. 

Suppose  n  to  be  even  and  a  odd ;  then  h  is  odd,  and  of  /3  and  y 
one  must  be  odd  and  one  even,  and  there  is  a  knot.  This  proves  the 
following : 

VIIL  Theorem. — In  odd  orders  only  partitions  of  2/1  into  three 
even  parts,  give  knots,  while  in  even  orders,  only  these  partitions 
give  links. 

15.  Class  IV,  Order  n.     Here 

-(AB)  +  (CD)  =  x-y5 

-(AC)  +  (BD)  =  k-;K 
-(AD)4-(BC)  =  x-(y 

(AB)  +  {AC)+(AD)J^-^^ 

The  minimum  values  of  (AB),  (AC),  (AD),  (BC),  (BD),  (CD),  are 
respectively  y^—x,  y—Xj  d—x^  0,  0,  0.  To  get  every  clutch  we  must 
add  in  every  possible  way  to  the  minimum  values  of  (AB),  (AC), 
(AD),  all  the  partitions  of  x  into  not  more  than  three  parts,  none 
greater  than  x— 1.  But  evidently  we  must  increase  the  minimum 
values  of  any  quantity  of  the  second  set  (BC),  (BD),  (CD),  by  the 
same  number  that  we  increase  the  corresponding  quantity  of  the  first 
set  The  following  scheme  which  considers  in  detail  every  possible 
case,  expresses  clearly  the  propositions  for  determining  whether 
clutches  of  partitions  of  this  class  furnish  knots  or  links.  Let  e  or  o 
indicate  whether  a  number  be  even  or  odd. 
TiAss.  CoKN.  Acad.,  Vou  VII.  5  Sept.,  1885. 
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The  first  line  of  fhis  scheme  says  that  when  n  is  even  and  k  even, 
and  2n  divided  into  four  even  parts,  the  minimum  •  values  of  ( AB), 
(AC),  (AD),  will  be  even,  and  that  if  a  partition  of  k  into  three 
even  parts  be  added  to  )5— x,  y^Xj  6—x  the  numbers  constituting 
the  clutch  will  be  even,  and  the  form  a  link  by  Prop.  IV. 

One  of  the  propositions  proved  in  this  scheme  is  worthy  of  separate 
enunciation. 

IX.  Theorem. — In  even  orders  partitions  of  2n  into  four  even  or 
four  odd  parts  give  link-forms  only.  In  odd  orders  partitions  into 
four  even  parts  give  link-forms  only. 

16.  X.  Thbobbm. — In  all  orders  partitions  of  six  even  parts  give 
link-forms  only. 

For,  an  even  number  may  be  divided  into  five  parts,  of  which  four, 
two  or  none  shall  be  odd.  After  the  application  of  §12  the  only 
parts  to  be  found  in  the  leading  partition  will  be  4-gons  and  2-gons. 
Every  form  under  consideration  will  be  reduced  so  as  to  have  as  lead- 
ing partition  one  of  the  following,  with  a  clutch  of  which  every 

number  is  1. 

4*,     4*2,     4*2*,     4'2',     4*2*,     42*,     2*. 

In  the  lower  orders  4'2",  4'2*,  42*,  and  2*  have  been  found  to  give 
no  knots. 

If  the  form  given  by  4*  be  drawn  it  is  found  in  any  particular 
case  to  consist  of  four  closed  curves,  and  therefore  by  Theorem  HI  is 
always  a  link-form.     On  drawing  4*2'  it  also  proves  to  be  a  linkage. 
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The  partition  4*2  with  the  given  clutch  can  not  exist  in  a  plane. 
This  happens  in  two  cases  in  order  1 0.  On  drawing  the  forms  in 
such  cases  additional  crossings  will  be  found  to  be  necessary.  It  is 
therefore  true  that  in  all  orders,  partitions  of  six  even  parts  give  link- 
forms  only. 

A  synthetic  proof  of  this  theorem  is  possible. 

17.  Instead  of  continuing  the  consideration  of  the  general  subject 
we  shall  now  illustrate  the  method  of  determining  the  knot-forms  of 
iny  order  by  a  particular  consideration  of  order  1 0. 

The  number  of  partitions  of  20  into  parts  none  greater  than  10  or 
less  than  2  is  107.*  These,  arranged  in  dictionary  order,  are  given 
in  full  in  Table  L 

Of  these  the  single  partition  of  Class  TI  gives  a  link,  §11;  the 
thirty-seven  marked  11  are  cut  out  by  Theorem  IL  In  Class  III, 
Theorem  VIII  throws  out  8*4  and  86* ;  in  Class  IV,  Theorem  IX  the 
eight  partitions  marked  IX ;  and  in  Class  X,  Theorem  X  the  three 
marked  X.  The  partitions  remaining  in  Classes  III  to  VI  inclusive 
are  alone  taken  as  leading  partitions ;  for,  all  remaining  partitions 
appear  in  every  possible  way  as  subordinate  partitions  (§  2),  and 
can,  therefore,  furnish  no  additional  knot-forms. 

We  have  then  to  tabulate  the  clutches  of  those  partitions  still 
remaining  in  Classes  III  to  VI.  We  at  once  write  down  Tables  II 
and  ni  in  which  are  omitted  all  clutches  that  are  thrown  out  by 
Sections  14  and  15.  In  Class  V,  a  table  with  headings  as  shown 
in  Table  IV  is  used.  We  take  for  illustration  the  first  partition, 
7*2*.  Here  k=3,  and  /?— x,  y-'fc^  (J—k,  €— x  are  4,  —1,  — -1,  — i. 
In  this  class  we  must  add  in  every  possible  way  to  the  minimum 
values  of  (AB),  (AC),  (AD),  (AE)  the  partitions  of  2x  into  four 
parts,  or  fewer,  none  greater  than  x—l.  The  only  partitions  of  6 
meeting  these  conditions  are  2'  and  2*  1* ,  which  may  be  added  in 
seven  different  ways  to  4,  —1,  —1,  —1,  giving  the  different  clutches 
of  the  table.  Thus  adding  1,  2,  2,  1,  to  >5-x,  >^— k,  (J— x,  £— x  we 
have  (AB),  (AC),  (AD),  (AE),  equal  to  6,  1,  I,  0,  respectively.  Sub- 
tracting (AB)  from  /?,  etc. 

2B  =(BC)  -h  (BD)  -h(BE)=2 
2C  =  (BC)  -f  (CD)  +  (CE)  =  1 
XD = (BD)  +  (CD)  -f.  (DE)  =  1 
2E  =  (BE)  4-  (CE)  +  (DE) = 2. 
These  quantities  are  put  in  the  columns  headed  2B,  ^C,  2D,  -5'E, 
♦See  Tait,  Trans.  Roy.  Soc.  Kdin.,  vol.  xxxii,  p.  342. 
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and  all  the  possible  solutions  of  this  set  of  equations  here  as 
throughout  the  work  are  written  down  by  inspection.  The  rest  of 
this  table  is  made  out  in  the  same  way.  In  Table  V  we  must,  in 
every  possible  way,  add  the  partitions  of  3x  into  four  parts  or  fewer, 
none  greater  than  x—  I.  In  the  general  case  we  add  the  partitions 
of  (jo— 3) X  into  /)— 1  parts  none  greater  than  x— 1.  In  the  com- 
plete Table  IV  there  are  400  clutches,  and  in  Table  V  1000.  It  has 
not  been  thought  necessary  to  publish  more  than  a  sample  of  either 
table. 

18.  Having  completed  the  tables  of  clutches  we  next  cast  out  in 
Tables  IV  and  V  all  clutches  unproductive  of  knot-forms.  The 
theorems  already  established  are  sufficient  for  this  purpose.  The 
routine  followed  will  be  readily  understood  from  considering  its  use 
in  the  samples  given  of  Tables  IV  and  V. 

Partition  7*2*:  in  clutch  (1)  A  and  B  are  connected  by  two 
2-gons,  and  V  applies  ;  (4)  becomes  (3)  by  interchanging  D  and  E ; 
(1)  becomes  (6)  by  interchanging  C  and  D ;  and  in  (2)  and  (6)  we 
have  a  2-gon  solely  bound  to  a  single  part,  and  I  applies. 

Partition  6*  42*:  clutch  (1)  is  thrown  out  by  IV  since  a  6-gon  B  is 
joined  to  A  by  four  bonds  and  to  C  by  two ;  Theorem  IV  casts  out 
(4)  because  of  C,  (14)  because  of  C,  (17)  because  of  B,  and  (20)  be- 
cause of  A ;  in  (2),  (3),  (8),  (9),  (11),  (12),  (16)  and  (18)  a  2-gon  is  solely 
joined  to  a  single  part,  and  I  applies;  in  (5)  B  and  C  form  a  combi- 
nation solely  bound  to  A,  and  I  applies;  I  throws  out  also  (10)  where 
D  and  E  are  bound  together  and  to  C,  and  (13)  where  the  same 
parts  are  bound  to  B;  interchanging  D  and  E  (7)  becomes  (6); 
interchanging  A  and  B  (16)  becomes  (7). 

Partition  6*32  :  I  throws  out  (2),  (3),  (6),  (8),  (14),  (16),  (19),  (20), 
(26),  (27),  (30),  (31),  (33),  (87)  and  (38)  ;  by  interchanges  of  parts 
(  6)=(  4),  (17)=(  6),  (24)=(  9),  (32)-(ll), 

(  7)=(  1),  (18)^  3),  (25)=(  4),  (34)=(12), 

(13)=(10),  (21)=(10),  (28)=(23),  (36)=(   1), 

(16)=(12),  (22)=(21),  (29)-(23),      and  (36)=(  9). 

In  (4)  D  is  dropped  by  VI,  and  B  thus  is  changed  to  a  4gon ; 
then  the  application  of  §  12  leaves  the  two  3-gons  A  and  C  joined 
by  two  2gons,  E  and  the  still  farther  reduced  B ;  V,  there- 
fore, shows  that  the  clutch  gives  links  only.  In  (9),  drop  C  by  VI 
and  B  becomes  a  2-gon  and  A  a  3-gon ;  the  two  3-gon8  A  and  D  are 
connected  by  the  two  2-gons  E  and  the  reduced  B ;  therefore  the 
clutch  gives  links,  by  V.  In  (11)  drop  C  by  VI  and  the  two  3-gon8 
A  and  B  are  connected  by  the  two  2-gons  E  and  the  reduced  D ;  V 
applies. 
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Id  Table  V,  clutch  No.  (1)  of  68»  is  throwD  out  by  I.  In  (2)  the 
two  3-gons  E  aud  F  are  joined  together  by  a  single  bond  and  to  A 
in  each  case  by  two  bonds,  and  VI  applies ;  or  we  might  use  I. 
Theorem  VI  throws  oat  (4),  since  the  two  3-gons  B  and  F  are  joined 
to  each  other  by  a  single  bond  and  to  other  parts  in  each  case  by 
two  bonds.  In  (6),  drop  F,  by  VI;  B  becomes  a  2-gon  joining  D 
ind  E,  and  they  are  3-gons  connecting  A  and  C.  An  obvious  exten- 
sion of  Theorem  VII  throws  out  the  clutch.  Since  in  (7)  B  and  C 
are  joined  together  and  to  A,  I  applies. 

This  process  is  continued  until  all  clutches  which  do  not  give 
knot-forms  have  been  thrown  out,  as  well  as  those  clutches  which 
are  repetitions  of  clutches  previously  given.  The  samples  given  of 
Tables  IV  and  V  constitute  about  one-twentieth  of  the  complete 
tables. 

19.  We  are  npw  ready  to  draw  the  forms  which  the  remaining 
clutches  furnish. 

DEFiNmoN.— -The  number  of  Circular  arrangements  of  n  things  is 
the  number  of  distinct  ways  in  which  n  things  can  be  arranged  in 
a  circle,  the  order  whether  direct  or  retrograde  being  of  no  con- 
seqoence. 

For  illustration  of  the  general  method  we  consider  in  detail  the 
productive  clutches  of  partition  6'42*.  In  clutch  (6)  the  two  6-gons 
are  connected,  by  three  bonds,  by  a  2  gon,  and  by  a  4-gon  which  is 
connected  with  one  6-gon  by  two  bonds  and  with  the  other  by  a 
2-gon  and  one  bond.  There  will  be  as  many  forms  from  this  clutch 
as  there  are  circular  arrangements  of  a  a  a  b  (cd),  where  c  and  d 
may  not  be  separated.     These  are 

a  a  a  b  (cd) 
a  a  a  b  (dc) 
a  a  b  a  (cd) 
a  a  b  a  (dc). 

The  four  forms  C*c„  C*c„  C'c„  C\,  can  at  once  be  drawn. 
See  Plate  V,  Knot  LXIV. 

In  (19),  the  only  other  clutch  of  this  partition  that  affords  forms,  a 
6-gon  is  connected  with  a  4-gon  directly,  by  a  2-gon,  and  by  a  6-gon 
which  is  connected  with  the  4-gon  by  a  single  bond  and  by  a  2-gon. 
Tliere  are  two  circular  arrangements  of  a  b  (cd),  namely  a  b  (cd)  and 
b  a  (cd) ;  these  furnish  the  two  forms  CM^,  Cd,.  Knot  XXX, 
Plate  ni.  In  practice  the  operations  described  in  this  section  and 
in  the  preceding  are  performed  simultaneously. 

20.  In  Class  VI  every  productive  partition  is  used  as  a  leading 
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partition.  But  since  the  subordinate  partitions  here  belong  to  the 
same  class,  every  form,  with  certain  exceptions,  will  be  found 
twice ;  this  affords  a  check  on  the  completeness  of  this  part  of  the 
work.  The  exceptions  are  the  amphic?ieiral  knot-forms.  These  have 
the  same  partitions  similarly  connected  both  as  leading  and  as  sub- 
ordinate partitions*    These  therefore  appear  but  once. 

In  the  partition  53\  which  was  given  as  the  shortest  possible 
illustration  of  Table  V,  clutch  (3)  furnishes  a  single  form  D*8„  which 
already  had  been  obtained  under  54*82' ;  clutch  (6)  gives  two  which 
had  been  obtained,  Du,  under  643"2"  and  D'x,  under  64"32".  Clutch 
(8)  gives  the  only  new  knot-form  from  this  partition,  viz:  the 
amphicheiral  D'o. 

From  the  clutches  of  Classes  HI,  IV,  V  and  VI  364  ten-fold  knot 
forms  are  obtained. 

21.  The  Derivation  of  Knots  from  Knot-Forms, — Prof.  Tait  has 
not  described  the  methods  which  he  used  in  his  derivation  of  the 
knots  of  lower  orders  from  the  knot-forms.  In  1884  he  says  :*  "  the 
treatment  to  which  I  have  subjected  Eirkman's  collection  of  forms, 
in  order  to  group  together  mere  varieties  or  transformations  of  one 
special  form,  is  undoubtedly  still  more  tentative  in  its  nature ;  and 
thus,  though  I  have  grouped  together  many  widely  different  forms,  I 
cannot  be  absolutely  certain  that  all  those  groups  are  essentially  dif- 
ferent from  one  another." 

If  a  ten-fold  knot  be  placed  upon  a  plane  in  such  a  way  as  to  have 
but  ten  crossings  the  eye  will  project  it  upon  the  plane  in  a  form 
which  will  be  found  among  the  364  above  obtained.  If  the  knot 
gives  ;nore  than  one  form  it  will  be  possible  to  obtain  any  other  of 
its  forms  by  one  or  more  turnings  over  of  restricted  portions  of  the 
knot  while  the  remainder  is  held  fixed.  Now  the  string  cannot  issue 
fVom  the  portion  of  the  knot  that  is  turned  at  more  than  four  points, 
for  in  that  case  the  turning  wouM  introduce  consecutive  overs,  and 
one  or  more  additional  crossings ;  the  portion  of  the  knot  that  is 
turned  must  therefore  be  wholly  between  two  parts  of  the  given 
knot  form  and  in  turning  it  we  untwist  two  of  the  strings  at  one 
point  and  twist  two  at  another,  the  result  being  simply  to  change  the 
position  of  a  single  bond  from  one  end  of  the  connection  to  the 
other.  The  class  of  the  form  is  therefore  not  changed,  and  all  the 
forms  of  any  knot  belong  to  the  same  class. 

22.  Moreover  in  order  10  and  lower  orders  all  the  forms  coming 
from  any  clutch  are  obtained   by  changing  the  position  of  single 
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bonds  in  the  connections  of  pairs  of  parts.  Therefore  in  these  orders 
all  forms  from  any  clutch  are  forms  of  the  same  knot.  The  sub- 
ordinate partitions  of  these  forms  are  then  to  be  examined  and  all 
forms  added  which  are  obtained  from  them  by  changing  the  positions 
of  connections  of  their  parts^  retaining  the  given  clutch  of  the  subor- 
dinate partition.  These  forms  in  turn  are  treated  in  the  same  way, 
bat  it  will  usually  happen  that  no  new  form  of  the  knot  is  obtained 
and  the  complete  determination  of  the  knot  in  all  of  its  forms  is 


23.  We  take  for  illustration  Knot  I  of  Class  FV,  shewn  on  Plate  I. 
Ba,  becomes  Ba,  by  twistiug  about  a  vertical  axis  the  2-gon  connect- 
ing the  8-gon  and  7-gon.  The  first  crossing  below  is  opened  and  the 
strings  above  are  crossed^  the  rest  of  the  knot  remaining  fixed. 
TwistiDg  the  2-gon  again  Ba,  is  obtained  and  nothing  new  is  gotten 
by  further  changes  of  the  forms.  Since  the  negative  partition  in 
every  case  consists  of  two  parts  joined  by  three  symmetrical  connec- 
tions, which  have  only  one  circular  arrangement,  there  are  no  other 
forms  of  Knot  I. 

24.  The  knots  of  Class  HI,  order  n,  are  unique ;  since  three  things 
bave  but  one  circular  arrangement. 

25.  The  knots  of  Classes  III,  IV,  V  will  be  found  with  their  forms 
grouped  together  in  Plates  I-V.  On  Plates  V-VU  are  figured  the 
forms  of  Class  VI  grouped  as  they  come  from  the  clutches,  except 
tbat  DO  form  is  repeated.  The  knots  of  this  class  will  be  found  in 
Table  VI.  Every  knot-form  is  the  projection  of  two  knots,  one  of 
which  is  the  perverted  image  of  the  other,  and  consequently  each 
group  of  knot-forms  belongs  to  two  knots  which  are  in  general 
different.  If  a  series  of  knot-forms  contains  any  amphicheiral  form 
then  it  will  also  contain  the  perversion  of  every  form  of  the  series 
Dot  amphicheiral.  The  series  consists  of  the  forms  of  one  knot  and 
not  of  two. 

26.  In  order  10  I  find,  counting  a  knot  and  its  irreconcilable  perver- 
sion u  two : 


Class. 

Forms. 

Knots. 

Knots. 

in, 

6 

12 

6 

IV, 

25 

30 

15 

V, 

200 

128 

64 

VI, 

133 

64 

39 

Totals,  364  234  124 
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In  lowQr  orders  Professor  Tait  has  foand : 


Orders. 

Forma. 

Knots. 

Knots. 

3 

1 

2 

1 

4 

1 

I 

1 

5 

2 

4 

2 

6 

3 

5 

3 

7 

10 

U 

7 

8 

27 

31 

18 

9 

100 

82 

41 

The  fourth  column  contains  the  numbers  as  they  are  given  by  Tait, 
the  perversions  of  knots  not  being  counted. 

In  so  long  a  labor  as  is  involved  in  making  such  a  census  the 
opportunities  for  error  are  many.  Any  errors  or  omissions  that 
may  be  found  in  the  census  are  to  be  attributed  to  the  writer  rather 
than  to  the  method,  which  is  simple  and  direct. 


Table  I. — Partitions  of  20. 


Class  II. 

Cl.  IV.— Contin'd 

Cl.  V.—Contin'd 

W 

IX. 

8«2« 

f862» 

Class  IIL 

8732 

8532* 

f  1082 

IX. 

8642 

II.  -! 

84*2* 

jj    il073 
^^-  1  1064 

863' 

843*2 

85«2 

83* 

tl05« 

8543 

7«2« 

9«2 

IX. 

84» 

7632« 

983 

7«42 

7542» 

974 

IX. 

7«3» 

763*2 

965 

7652 

74*32 

Vin.      8»4 

7643 

743» 

875 

IX. 

75«3 

6«42« 

VIU.      86» 

754» 

6>3*2 

7«6 

IX. 

6»2 

65«2« 

Class  IV. 

6»53 

65432 

ri062» 

iX. 

6U« 

653» 

10532 

65«4 

64*2 

IL  \ 

104*2 

IX. 

5* 

64«3« 

1043« 

Class  V. 

5«32 

f972« 

n. 

/  10428 
1 103«2» 

6«4«2 

9632 

6U3« 

II.  \ 

9542 

i952« 

5483 

953« 

n. 

\  9432« 

4« 

L94»3 

f  93«2 

Class  VI. 

II.    102» 
IT.     932* 

*^|83«2» 
(752* 

II.  ^  74328 
(  73»2« 

X.     6*2* 
6532» 

X.     64*2* 
643*2* 
63*2 
6*42« 
5*3*2* 
54*32* 
543*2 
53* 

X.     4*2* 
4«3*2 
4*3* 

Class  VII. 

II.     82* 
II.     732» 


CL.VII.-Conti'd 
n  ^^2* 

6*2'* 

6432* 

63822 

4»2* 

4»3«2» 

43*2* 

3«2 

Class  VIIL 


[I.     62' 

[I.     632« 

4*2* 

43*2» 

3*2* 

Class  XL 

IL     42« 
3*2' 

Class  X. 

210 


Table  U.— Clutches  /or  p=3. 


Partition. 

(AB) 
(AC) 
(BC) 

Partition. 

(AB) 
(AC) 
(BC) 

Partition. 

9*2 
983 

8  1   1  Aa 
7  2  1  Ab 

974 
966 

6  3  1   Ac 
6  4  1   Ae 

876 
7*6 

6  3  2  Ad 
4  3  3  Af 
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Tabls  TU.— CMehes  for  p^4. 


PtrtitiOD. 

a<  )e  )c 
1    1    1 

^1 

Ill 

S^S* 

8732 

5  1  0 

5  2  1 

110       '      2  11 

Ba„  Ba„  Ba,. 

«=2  add  1,  1 

6  11 

10  1       .      12  1 

Bb. 

8633 

1      4  11 

5  1  2 

10  1              12  1 

Be. 

8552 

'      3  3  0 

3  4  1 

110       •      2  11 

Bd„  Bd,. 

8543 

!      3)1 

3  3  2 

k  1  0             2  11 

Be,,  Be,. 

4  3  1 

Oil       '      112 

Bf. 

7742 

4  1-1 

5  1  1 

2  0  1             2  3  1 

Bg. 

<s3  add  2,  I 

5  2  0 

111 

2  2  2 

Same  as  Bg  AiB.f 

1,1,1 

7652 

3  2-1 

3  3  1 

2  1  0 

3  2  1 

Bb„  Bh,. 

4  3  0 

1   1  1 

2  2  2 

BL 

7643 

3  I  0 

5  1  1 

1  0  2 

1  3  2 

Bj. 

3  3  1 

1  2  0 

3  1  2 

Bk„  Bk,. 

4  2  1 

1  1  1 

2  2  2 

Bl. 

7544 

2  1  1 

3  3  1 

0  2  1 

2  13 

Bm. 

3  2  2 

1  1  1 

2  2  2 

Bn. 

6653 

2  1-1 

3  12 

3  0  1 

3  4  1 

Bo. 

«=4add 

3  3  0 

1  2  1 

3  2  3 

Same  as  Bo  A:B. 

3,1 

3  2  1 

2  1  1 

3  3  2 

Bp. 

2,1.1 

2,2 

6554 

1  1  0 

12  3 

3  1  0 

4  3  1 

Br. 

3  2  1 

1  1  2 

•  2  3  3 

Bb. 

4  1   1 

1  0  3 

1  4  3 

Bq. 

•lBr=^-Al 

teBC+BD,etc.      i  A:B 

rignifles  that  A  and  B  are  to  be  InterchaDged. 

TABI.B  IV.— 

-dutehes  for  p=5. 

^    H   ^    H 

^^^^^^,^ 

^_,^_,^ ^». 

^-v.— «^— * 

>-»./-^>— N 

PartitioiL 

Add 

M   1   1 

WW^W^M 

PQUQCd 

TiT 

No. 

7*2« 

0222 

4-1-1-1 

3-1-1-1 

4  111 

0  0  0 

(1)V. 

c=:3add 

2211 

112  2 

6  10  0 

1   0  0 

0  0  2 

(2)1. 

Partriiof2« 

0  1  0 

0  1  1 

(3)Ca. 

222 

0  0  1 

1  0  1 

(4)  Same  as  (3)  D:E. 

2211 

1221 

2  112 

5  110 

0  0  2 

10  0 

(5)1. 

» 

1  0  1 
0  1   1 

0  0  1 
0  1  0 

(6)  Cb„  Cb,.  Cb,. 

(7)  Same  as  (6)  ChD. 

• 

♦ 

« 

• 

* 

• 

« 

*        *        * 

6«42* 

2033 

2  0-2-2 

2  4  11 

4  0  11 

2  0  0 

1   1  0 

(1)IV. 

«=r4add 

3023 

14  2  1 

6  0  0  1 

10  0 

2  1  0 

(2)1. 

332 

0323 

4  12  1 

2  3  0  1 

1  2  1 

0  0  0 

(3)1. 

3311 

0233 

4  2  11 

2  2  11 

2  1   1 

0  0  0 

(4)  IV. 

3221 

1133 

3  3  11 

3  111 

3  0  0 

0  0  1 

(6)1. 

2222 

2  1  0 
2  0  1 

0  10 

1  0  0 

(6)C*c,C«C8C«c«C,C4. 
(7)  =  (6)D:E. 

3122 

13  2  2 

6  10  0 

0  0  1 

0  10 

1  0  0 

2   1  0 
1  2  0 
1   I   1 

(8)1. 
(9)1. 
(10)  I. 

1322 

3  12  2 

3  3  0  0 

0  1   2 

0  2  1 

1  1   1 

10  0 
0  1   0 
0  0  1 

(11)1. 

(12)  I. 

(13)  I. 

1223 

3  2  2  1 

3  2  0  1 

2  1  0 
12  0 
1  1   1 

0  0  1 

0  10 

1  0  0 

(14)  IV. 

(15)1. 

(16)E:C)A:B. 

2123 

2  3  3  1 

4  10  1 

2  0  0 
1  0  1 
1   1  0 

1  0  1 

2  0  0 
I   1  0 

(17)  IV. 

(18)  I. 

(19)  CM,.  C«d,. 
|20)  IV. 

2222 

4  2  0  0 

* 

•            «      :       • 

« 

♦           ♦      1 

#        ♦        ♦ 

Tbam&Oo 

».  Ac 

U).,  V< 

>!«. 

vn. 

€ 

Oct.,  1886. 

42 
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Table  IV. — ChUchei  for  p^6  (oantinued). 


Partitdon. 

SaS 

No. 

5332 

O244I0  0-2-3  5  3  1   1  !o  2  2  I 

3  1  1  !o  0  0 

(1)CV. 

<c=6add 

0424 

5  13  1    0  4  0  1 

13  1    0  0  0 

(2)1. 

442 

1144 

4  4  11    112   1 

4  0  010  0  1 

(3)  I  ABCA. 

4411 

3  10    0  1  0i(4)  VI,§12,V. 

433 

3  0  1.10  0  (6)H(4)B:C. 

4321 

0433 

6   1   2  2>4  1   0 

12  2    0  0  0  (6)  I 

4222 

0334 

5  2  2   1    0  3  11 

2  2   1    0  0  0  (7)  — (1)  A:B. 

3331 

0343 

5  2   12    0  3  2  0 

2  12    0  0  0  1(8)1. 

3322 

1234 

4  3  2  112   11 

3  10    0  0  1   (9)  VI,  §12,  V. 
2  2  0    0  10  (10)C»z„C*z,,  C«z,. 
2  1110  0   (ll)VI,  V. 

1243 

4  3  12    12  2  0 

1 

3  0  1    0  0  1   (12)  C^ 

2  110   10  (13)=  10)  A:B. 

2  0  2,100  (14)  I. 

{     1324 

4  2  3  ij  1  3  0  1 

i 

2  2  0    0  0  1   (16)  =  (12)  A:B. 
13  0    0  10  (16)1. 

1 

12  110  0  (n)=:(5)  A:B. 

1423 

4  13  2    14  0  0 

i 
1 

12   1    0  0  1   (18)~(3)  A:B. 
0  3  1|0  1  0  1(19)  I. 
0  2  2  110  0   (20)1. 

2224 

3  3  3  1    2  2  0   1 

1112  0  0;(21)=(10)A:BAB:C 
12  0    11  0|(22)=(21)B:C. 
2  10    10  1   (23)  C^b. 

1333 

4  2  2  2)1310 

2  11    0  0  1  '(24)~(9)  A:B.       • 
12  1    0  10   (26)  — (4)  A:B. 
112,10  0  1(26)  I. 

2233 

3  3  2  2    2  2  10 

3  0  0,002  1(27)1. 
2   10    0  11   (28)  =  (23)  B:CA:B. 
2  0  1.10  1  |(29)  =  (23)  A:B. 
1  2  OiO  2  0((30)1. 

10  2  12  0  0 

,(31)  I. 

111110 

(32)  =  (ll)B.-CAA:B 

2323 

323212300 

0  3  0 

|0  2  0 

(33)  L 

1 

I  2  0 

0  1  1 

(34)=(12)B:AAB.-C 

1 

0  2  1 

1   1  0 

(36)=:(1)A:BABK^ 
(36)  =  (9)A:B4B:C 

1 

1  1   1 

1  0  1 

2  1  0 

0  0  2 

(37)  I. 

0  1  2 

2  0  0 

(38)  I. 

*          1 

« 

*                * 

« 

« 

* 

^     ♦        ♦        ♦ 

Table  V.—  Clutchegforp^G. 

^,r^''  Add  'TTT  T  ? 

fflQPWfrTiWOQW&rloQH'e^ 

DK&T 

WfrTST 

tion.  "^^^  4. 14  i  4. 

^<<3-«l<JCQ0Q0QPQ 

000 

OQW 

NW'  ^_,' N-^  •W' >--'  (  >-^-N— '  ..^  >-• 

« 

>^>m^^m^ 

*      «    !      » 

« 

«                                                                  « 

« 

«        «       * 

53*     22344  -2-2-2-2-2 

3  3  2   11 

0  0  12  2 

3  0  0  0 

0  0  0 

1  1  0  1(1)1. 

/c=5 

2  10  0 

1  0  0 

0  0  1 

(2)  VI.        * 

1 

1110 

1  0  1 

0  0  0 

(3)  Knot  D8,o{ 

i 

1 

64«32«. 

23334 

3  2  2  2  1 

0  1   1   12    2  0  0  1 

0  0  0 

2  0  0 

(4)  VI. 

0  111 

1   1  0 

0  0  0 

(5)  VIL 

' 

0  2  10 

0   1    I 

0  0  0 

(6)  Knot  Du,  of 
643«2*,  knot 
D«X4  of  54*32' 

33333 

2  2  2  2  2 

11111    2  0  0  0 

0  0  0 

1  1  1 

WI. 

110  0 

0  1  0 

0  1   1 

(8)  Knot  D'o 
Amph. 

* 

« 

♦ 

« 

•                  « 

« 

♦          #     "  #        ft 
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4d 


Knot 


No. 


I 

6 

u 

1 

III 

4 

IV 

4 

V 

2 

VI 

4 

vu 

t       1 

VIII 

3 

IX 

16 

X 

12 

XI 

12 

XII 

9 

xin 

6 

XIV 

3 

XV 

2 

XVI 

9 

XVII 

9 

XVIII 

6 

XIX 

4 

XX 

1 

XXI 

3 

xxn 

1 

xxni 

1 

XXIV 

1 

XXV 

3 

XXVI 

3 

xxvn 

3 

xxvni 

2 

XXIX 

2 

XXX 

2 

XXXI 

XXXIT 

xxxni 

XXXIV 

XXXV 

XXXVI 

1 

xxxvn 

1 

XXX  vni 

XXXIX 

Fonns. 


Dai,  Daa,  Dat,  Da4«  Da*,  Da*. 

Db. 

Dc,,  Dc,,  Dc,,  Dc«. 

De,,  De,.  De,,  De4. 

Df„  Df,. 

Dk,  Amph,  Dk,| ,♦  D*j  Ampb. 

Dl  Amph. 

Dm,  D«t„  D*t,. 

Dqi  Amph,  Dns|«  Dds|,  Dn«|,  D*i)|,  D*it   Amph,  T)*hil   DSbs|, 

!)%«  Amph,  D*8  Amph. 
Du„  Du,,  Du«,  Du4,  Duft,  D*x„  D«x,,  D*x,,  D'x*,  D«X6,  Do,,  Doj.f 
Dp,,  Dp,,  Dp,,  Dp4,  Dp»,  Dp.,  D«e„  D«e„  D«e„  D«e4,  D«e»,  D«e«. 
Dq„  Dq,,  Dq,.  W,.  D«f„  D»f,.  D«c,  D«u,  D»h. 
Dr„  Dr„  Dr.,  D»q„  D«q,,  D«q,. 
Ds,  l)<c„  D«c,. 
Dt,  DM. 

Dv.,  Dv,,  Dy,,  Dy„  Dy„  D«g„  D«g„  D«y,  D'j. 
Dw,l  Dw,  Amph,  Dw,|,  D«l,  Amph,  D»l,|,  D«l  Amph. 
Dx„  Dx,,  Dx,,  D»a,,  D«a,,  D«a. 
Dz,  Amph,  Dzal,  D'b  Amph. 
D*b  Amph. 

D«i„  D«i„  on.. 

D»k. 

D«m. 

D*n. 

D*p,|,  D»p,  Amph. 

D«r,  Amph,  D'r,. 

D«8„  D»8„  D«8,. 

Dv„  Dv,. 

D«w„  D»w,. 

D«z„  D%. 

DM  Amph. 

D^  Amph. 

D»f  Amph,  D«M,  D»q  Amph. 

^' 

D»k. 

D'm  Amph. 

D*o  Amph. 

D*p  Amph. 

D»r. 


*  The  symbol  |  indicates  that  a  form  and  its  perversion  are  both  included, 
t  The  subordinate  partition  of  Do,,  Plate  V.  should  be  643*2«. 


IV. — Thb  Amylolytic  action  op  Diastabb  op  Malt,  as  modified 
BY  VABious  conditions;  studied  quantitatively.  By  R  H. 
Chittenden  and  Geo.  W.  Cummins,  Ph.B. 

The  close  relationship  e^cisting  between  the  diastase  of  malt  and 
the  amylolytic  ferment  of  saliva  has  led  us  to  make  a  careful  study 
of  the  conditions  favorable  to  the  action  of  the  former,  in  the  hope 
of  obtaining  confirmation  of  previous  results  obtained  with  the  sali- 
vary ferment.*  The  widespread  use,  moreover,  of  malt  extracts  as 
therapeutic  agents  lends  to  the  work  in  question  a  practical  interest, 
which  in  no  wise  detracts  from  its  value. 

Falkf  has  recorded  that  the  diastase  of  malt  loses  its  amylolytic 
power  under  the  influence  of  dilute  acid,  similar  to  the  ferment  of 
saliva;  that  it  is  made  inactive  by  gastric  juice  and  that  the  retard- 
ing influence  of  a  dilute  acid  (say  0*0135  per  cent.)  on  its  amylolytic 
power  is  diminished  by  the  presence  of  peptone,  owing  to  the  proba- 
ble formation  of  a  peptone-acid  compound.  Falk,  moreover,  states 
that  the  retarding  action  of  hydrochloric  acid  is  due  to  destruction 
of  the  ferment,  since  on  neutralization  of  the  acid,  amylolytic  power 
is  not  restored.  Kjeldahl|  has  recorded  that  dilute  acids  in  very 
small  quantity  retard  the  amylolytic  action  of  diastase ;  if,  however, 
smaller,  minimum  quantities  of  acid  are  added  the  amylolytic  power 
of  diastase  is  increased.  The  same  investigator§  has  also  noticed 
a  like  accelerating  action  of  very  small  quantities  of  acid  on  invertin. 
Basnilz||  has  found  that  the  presence  of  carbonic  acid  invariably  in- 
creases the  amylolytic  power  of  diastase.  Detmer^  has  recorded  the 
same  fact  and  in  addition,  that  small  quantities  of  citric  acid  as  well 
as  of  phosphoric  and  hydrochloric  acid  increase  the  diastatic  power 
of  malt.  Larger  quantities  of  these  acids  render  the  malt  extract  in- 
active. Detmer  has  also  found  that  the  presence  of  a  very  slight 
alkaline  reaction  diminishes  the  amylolytic  power  of  the  ferment 
Brown  and  Heron*"'  state  that  a  malt  extract  neutralized  with  barium 
hydroxide  has  its  amylolytic  power  somewhat  weakened ;  thus  im- 

*  Chittenden  and  Smith,  Trans.  Ck)nn.  Acad.,  vol.  vi,  p.  343. 

f  Virchow's  Archiv,  voL  Ixxxiv,  p.  119. 

X  Jahresbericht  fiir  Thierchemie,  1879,  p.  382. 

§  Jahresbericht  fiir  Thierchemie,  1881,  p.  449. 

I  Berichte  der  deutsch  cbem.  G^esell.,  vol.  xi,  p.  1443. 

^  Zeitschrift  fiir  physiol.  chemie,  vol.  vii,  p.  2. 

**  riebig*8  Annalen  der  Chemie,  vol  cxciz,  pp.  236-238. 
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plying  that  the  ferment  aots  more  vigoroasly  in  the  naturally  acid 
extract  than  in  a  neutral  fluid.  The  same  investigators  found  that 
making  the  extract  faintly  alkaline  with  sodium  carbonate  .also 
diminished  somewhat  the  activity  of  the  ferment,  while  sodium 
hydroxide  completely  stopped  the  action  of  the  ferment.  A  like  re- 
sult was  also  obtained  on  the  addition  of  0*05  per  cent,  salicylic  acid. 
Such  are  the  recorded  statements  bearing  on  this  question.  Few 
quantitative  results  are  given,  and  the  influence  of  proteid  matter, 
aside  from  its  connection  with  dilute  acid,  has  not  been  considered. 

Method  employed. 
A  fresh  malt  extract  was  prepared  for  each  series  of  experiments, 
since  the  fluid  tends  rapidly  to  become  acid,  owing  to  the  develop- 
ment of  schizomycetes.  The  extract  was  prepared  from  coarsely 
ground  malted  barley,  by  simply  extracting  it  with  water  at  40*'  C. 
for  two  to  three  hours  (5  grams  barley  to  100  c.  c.  water),  then  filter- 
ing, neutralizing  and  diluting  to  500  c.  c. 

Owing  to  the  great  difficulty  of  obtaining  perfectly  neutral  starch, 
that  used  in  the  present  work  was  prepared  from  potatoes,  thoroughly 
washed  and  dried,  making  a  starch  perfectly  neutral  to  the  most 
delicate  test  papers.     The  volume  of  each  digestive  mixture  in  the 
various  experiments  was  100  c.  c,  containing  1  gram  of  starch  pre- 
viously boiled  with  a  portion  of  the  water,  a  definite  quantity  of  the 
malt  extract  and  a  given  amount  of  acid,  alkali,  or  proteid  matter, 
except  in  the  control,  which  was  naturally  free  from  the  latter.     In 
determining  amylolytic  power  the  digestive  mixtures  were  warmed 
at  40*^  C.  for  thirty  minutes,  after  which  further  ferment  action  was 
stopped  by  boiling  the  fluid.     The  extent  of  amylolytic  action  was 
then  ascertained  by  determining  in  one-fourth  of  the  fluid,  made  up 
to  100  c.  c,  the  amount  of  reducifig  bodies  by  means  of  Allihn's* 
gravimetric  method ;  the  reducing  bodies  being  then  calculated,  for 
the  sake  of  convenience,  to  dextrose,  from  which  in  turn,  was  calcu- 
lated the  percentage  of  starch  converted. 

Influence  of  sodium  carbonate  on  the  amylolytic  action  of  diastase. 

Previous  experimentsf  with  saliva  have  shown  that  the  percentage 
of  alkaline  carbonate  which  absolutely  or  to  a  certain  extent  hinders 
its  amylolytic  action  can  be  designated  only  for  a  definite  mixture 
ftod  not  in  a  general  sense,  owing  to  variations  in  the  amount  of  pro- 

*  Zeitfichrift  ftir  Analytische  Chemie,  vol  xxii^  p.  448.       f  Chittenden  and  Smith. 


46  Chittenden  and  Cummins-^ Amylolytic  Action 

teid  matter  present  and  doubtless  also  in  part  to  increase  or  decrease 
in  the  amount  of  ferment. 

It  became  necessary,  therefore,  at  first,  to  ascertain  something  re- 
garding the  relative  amylolytic  action  of  the  malt  extract,  which 
contains  some  proteid  matter.  Three  quantities  of  malt  extract 
were  employed,  which  by  thirty  minutes  warming  at  40**  C.  with 
1  gram  of  starch  in  the  manner  already  described,  gave  the  follow- 
ing results : 

Total  amonnt 
Malt  extract.  Wt.  CalD)^.  redacing  bodies.  Swrcb  converted. 

10  c.  c.  01192  gram.  0*2428  gram.  21*85  per  cent. 

16  01489  0*3038  27*34 

25  01643  0*3150  28*35 

It  is  interesting  to  note  here  that,  as  in  the  case  of  the  amylolytic 
ferment  of  saliva,  there  is  no  quantitative  relation  between  the 
amount  of  ferment  and  the  extent  of  amylolytic  action ;  it  is  only 
when  the  ferment  solution  is  greatly  diluted  that  amylolytic  action 
can  be  taken  as  a  definite  measure  of  the  amount  of  ferment 
present.  KjeldahP  has  likewise  studied  the  influence  of  the  quantity 
of  diastase  upon  the  amount  of  sugar  formed  under  given  conditions 
and  he  came  to  the  conclusion  that  the  formation  of  sugar  was  pro- 
portional to  the  amount  of ,  ferment  only  up  to  a  certain  point ;  be- 
yond which,  increase  in  the  amount  of  ferment  was  not  accompanied 
by  proportional  increase  in  the  formation  of  sugar. 

Preliminary  experiments  showed  us  that  the  ferment  of  malt  is 

very  susceptible  to  the  action  of  sodium  carbonate ;  the  addition  of 

even  0*025  gram  of  the  alkaline  carbonate  to  15  c.  c.  of  perfectly 

neutral  malt  extract,  with  subsequent  dilution  to  100  c.  c.  allowed  no 

diastatic  action  whatever.     Following  are  two  series  of  experiments 

illustrating  the  action  of  different  percentages  of  sodium  carbonatef 

on  the  ferment  under  different  degrees  of  dilution. 

a.  with  16  c.  c.  of  the  standard  malt  extract 
Total  amount 


NasCos. 
0 

0*0005 

per 

cent 

wt.  Cu  in  M. 
0*1371  gram. 
0*1318 

redaclng  bodies. 
0*2794  gram. 
0-2684 

Starcb  converted. 
26.14  per  cent 
24-15 

0*0010 

0-1274 

0*2596 

23.36 

0*0020 

00544 

0-1124 

10-11 

0*0060 

00197 

0-0434 

3-90 

00080 

0-0134 

0*0312 

2-80 

0*0100 

0*0135 

00314 

2*82 

0*0125 

0*0065 

0-0148 

1*33 

00260 

0 

^  Jahreabericht  fiir  Thiercheroie,  1879,  381. 
f  The  standard  solutions  of  sodium  carbonate  employed  in  these  experiments  Were 
made  from  the  chemically  pure  anhydrous  salt. 


Na,Gos. 
0 

wtCulnM. 
0*1650  gram. 

reducing  bo 
0-3372 

OOOl  per 

cent. 

0-1578 

0-3224 

0-003 

0-1465 

0-2986 

0005 

01147 

0-2334 

0010 

00380 

00796 

0-025 

00238 

0-0516 

0-050 

0 
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h.  with  30  c.  c.  of  the  standard  malt  extract 

Total  amount 

Starch  converted. 

[L        30-34  per  cent 

29-01 

26-87 

21-00 

7-16 

4-64 

It  is  eyident  from  these  results  that  the  amylolytic  power  of  dias- 
tase, like  that  of  ptyaline,  is  diminished  in  proportion  as  the  percent- 
age of  alkaline  carbonate  is  increased.  Moreover,  it  would  appear 
by  comparison  with  results  previously  obtained*  that  diastase  is  far 
more  susceptible  to  the  action  of  sodium  carbonate  than  pty aline,  and 
also  that  dilation  of  the  malt  extract  does  not  so  materially  affect 
the  retarding  action  of  the  different  percentages  of  alkaline  car- 
bonate as  in  the  case  of  saliva.  Both  of  these  results,  however,  may 
be  due  either  to  the  presence  of  a  larger  amount  of  proteid  matter  in 
the  saliva  or  to  the  presence  of  a  larger  proportion  of  ferment,  or  in 
fact,  to  both.  It  is  noticeable  in  both  series  of  experiments  that  the 
amylolytic  power  of  the  ferment  after  gradually  diminishing  appears 
to  receive  a  sudden  check,  which  in  the  larger  amount  of  malt  ex- 
tract is  produced  by  just  double  the  percentage  of  carbonate  requisite 
with  the  smaller  amount  of  malt.  In  this  way  the  effect  of  dilution 
is  apparent  and  shows  moreover  that  the  exact  influence  of  a  given 
percentage  of  the  alkaline  carbonate  can  be  designated  only  for  a 
definite  mixture. 

Destructive  action  of  sodium  carbonate  on  diastase. 

In  order  to  ascertain  how  far  the  retarding  action  of  sodium  car- 
bonate is  due  to  destruction  of  the  ferment,  the  following  experiment 
was  tried.     Six  mixtures  were  made  as  follows : 

12  3  4  5  6 

Hak extract ...  30  cc        30     c.c.        30   cc.        30   cc.        30 cc.        30c.c 

Ha,0o,8oL 0  *'  1-25  "  O'ljJ   25  "  01%   25  "  0-^jg    5  ♦♦  0-5jg  10  "   05% 

H|0 20"  18-76"  17-5"  17-5"  16"  10" 

50  50  50  50  50  50 

Per  cent  Na,Go,    0  00025  0-005  0'025  005  0*1 

These  were  warmed  at  40°  C.  for  1  hour,  then  neutralizing  and 
eqnalizing  mixtures  were  added  as  follows  : 


*  Chittenden  and  Smith. 


rt.  Cn  In  M. 

jrednclngiKx 

Bm. 

SUrch  conyerteit 

0-1739  gram. 

0-3668 

gram. 

32  02  per  cent 

01737 

0-3664 

31-97 

01 746 

0-3670 

3213 

00341 

00722 

6-49 

00319 

0-0678 

610 

00281 

00602 

6-41 
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1                2  3                  4-6  G 

01  per  cent  HCl                 0            0-42  a  a  086  a  c.    4*26  c.  c  8-5  c.  c.  16*95  c  c. 

0-6        "        Na,Oo,  )♦     10   a  c.    976  96              7  6            60  0 

O-l        "         HCl       f        16-96      16-66  16*1  12-7             846  0 

The  six  solations  were  now  exactly  alike ;  neutral  to  test  papers 
and  contained  the  same  amounts  of  diastase  and  sodium  chloride. 
They  had,  however,  been  exposed  to  the  action  of  the  above  percent- 
ages of  sodium  carbonate  for  1  hour  at  40*^  C.  Their  amylolytic 
power  was  now  determined  in  the  usual  manner  (action  on  1  gram  of 
starch  in  a  total  dilution  of  l(iO  c.  c.)  with  the  following  results : 

Total  amoiint 
No.  

2 
3 

4 
5 
6 

No  destructive  action  is  apparent  until  0'026  per  cent,  sodium  car- 
bonate is  reached ;  warming  the  malt  extract  with  0*005  per  cent, 
sodium  carbonate  causes  no  destruction  whatever,  while  with  0-025 
per  cent,  destruction  is  very  great.  The  amount  of  malt  extract 
(30  c.  0.)  experimented  with,  being  the  same  as  was  used  in  deter- 
mining the  influence  of  alkaline  carbonate  on  the  amylolytic  power 
of  the  ferment,  the  two  series  of  results  are  directly  comparable  and 
show  plainly  that  the  retarding  action  of  small  percentages,  in  the 
present  case  up  to  0*005  per  cent.,  is  due  to  simple  retardation  with- 
out destruction  of  the  ferment.  Beyond  this  point,  however,  as  in 
the  presence  of  0*026  per  cent,  the  greatly  diminished  amylolytic 
action  is  due  to  destruction  of  the  ferment  Hence  it  would  appear 
that  in  the  case  of  the  diastase  of  malt  the  destructive  action  of 
sodium  carbonate  is  out  of  all  proportion  to  its  retarding  action. 
This  apparent  difTerence,  however,  between  diastase  and  the  pty aline 
of  saliva  is  due,  as  we  shall  show  later  on,  to  the  comparatively 
small  amount  of  proteid  matter  in  the  malt  extract.  Saliva  very 
greatly  diluted,  so  that  the  percentage  of  proteid  matter  is  reduced 
to  a  minimum,  shows  similar  results. 

Ir\fluence  of  neutrcU  peptone  on  the  amylolytic  action  of  diastase. 

It  was  demonstrated  some  time  since,t  that  the  presence  of  neutral 
peptone  tends  to  increase  the  amylolytic  action  of  neutral  saliva. 

*  The  two  equahzing  mixtures  were  united  before  being  added  to  the  main  solutions, 
f  Chittenden  and  Ely,  Amer,  Chem,  Jour,,  vol.  iv,  107, 
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Langley  and  Eve8**have  confirmed  this  statement,  although  they  do 
not  believe  in  the  theory  of  a  direct  stimulation  of  the  ferment, 
ad?aDced  by  one  of  us.  We  find  now  that  neutral  peptone  added  to 
a  Deotral  solution  of  malt  diastase,  similarly  increases  its  amylolytic 
action ;  the  increase  being  even  greater  than  noticed  in  the  case  of 
neutral  saliya.  Two  series  of  experiments  were  tried  with  the  fol- 
lowing results ;  the  peptone  used  being  made  perfectly  neutral  with 
a  dilate  solution  of  sodium  carbonate. 

a.  with  1 5  c.  c.  of  the  Htandard  malt  extract. 


Peptone. 

W».  Co  in  \i. 

ToUl  amoont 

Starch  converted. 

0 

01 140  gram. 

0-2320  gram. 

20*88  per  cent 

0-1  per  cent. 

01545 

0-3154 

28-38 

0-2 

0-1512 

0-3084 

27-75 

0-3 

01494' 

0-3048 

27-43 

0-5 

01457 

0-2970 

26-73 

10 

01427 

0-2910 

2619 

6.  with  30  c.  c. 

of  the  standard  malt  extract 

0 

01 785  gram. 

0-3654  gram. 

32-88  percent 

Oi  per  cent 

01847 

0-3772 

33-94 

03 

01912 

0-3916 

35-24 

Peptone  causes  increased  amylolytic  action  throughout;  with  15 
c  c.  of  malt  extract,  the  smallest  amount  of  peptone  gives  the 
greatest  acceleration,  which  slowly  diminishes  as  the  percentage  of 
peptone  is  increased ;  with  SO  c.  c.  of  malt  extract,  however,  accel- 
eration, which  is  much  less  than  in  the  preceding  series,  increases 
▼itb  the  increase  in  peptone.  It  is  hard  to  find  any  reason  for  this 
acceleration  in  amylolytic  action,  other  than  a  direct  stimulation  of 
the  ferment. 

Influence  of  sodium  carbonate  on  the  amylolytic  action  of  diastase 
in  the  presence  of  proteid  matter, 

Proteid  matter  tends  to  prevent  the  retarding  action  of  sodium 
carbonate  on  this  ferment,  as  in  the  case  of  the  salivary  ferment. 
Thus,  the  addition  of  neutral  peptone  to  a  malt  extract  allows  vigor- 
008  amylolytic  action  to  take  place  in  the  presence  of  percentages  of 
sodium  carbonate,  which  alone  would  completely  destroy  the  ferment. 
The  following  experiments,  using  16  c.  c.  of  the  standard  malt  extract 
iD  each  instance,  illustrate  the  influence  of  peptone  on  the  action  of 
sodium  carbonate. 


♦  Journal  of  Physiology,  vol.  iv,  No.  1, 
Tram.  Conn.  Acad.,  Vou  VII.  7  Oct.,  1885. 
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With  0*5  per  cent  neutral  peptone. 


KagCO^. 

wt.  cm  In  M. 

Total  amoant 
reducing  bodlea. 

Starch  converted. 

0 

0*1388  gram. 

0*2828  gram. 

26*45  per  cent 

0001  per 

cent. 

0*1443 

0*2942 

26*47 

0002 

01431 

0*2918 

26-27 

0003 

0*1486 

0-3030 

27-27 

0-004 

01404 

0*2860 

25*74 

0006 

01406 

0*2864 

25*77 

0010 

0*1317 

0*2682 

24*13 

It  is  thus  seen  that  the  presence  of  0*5  per  cent,  of  neutral  peptone 
entirely  prevents  the  retarding  action  of  the  several  percentages  of 
sodium  carbonate,  except  in  the  last  experiment  of  the  series  where 
slight  retardation  is  apparent.  It  is  to  be  remembered  here  that 
even  0*005  per  cent,  of  sodium  carbonate  alone,  almost  completely 
stops  the  action  of  the  ferment.  What  at  first  sight  appears  to  be 
strange  in  this  last  series  of  experiments,  is  that  the  first  three  per- 
centages of  sodium  carbonate  cause  a  gradual  increase  in  amylolytic 
action  over  that  of  the  neutral  fluid  plus  like  percentage  of  peptone. 
The  explanation  of  this,  however,  is  quite  simple.  In  studying  the 
influence  of  neutral  peptone  on  the  action  of  the  ferment  (15  c.  c. 
malt)  it  was  found  that  the  greatest  acceleration  of  amylolytic  action 
was  obtained  with  the  smallest  percentage  of  peptone,  and  moreover 
that  ferment  action  diminished  in  proportion  as  the  peptone  was 
increased.  Now  peptone  undoubtedly  prevents  the  action  of  sodium 
carbonate  on  the  ferment  by  combining  with  it,  forming  an  alkaline 
carbonate-proteid  compound,  possessed  of  but  little  retarding  action  ; 
hence  in  the  above  experiment  the  first  action  of  the  smallest  percen- 
tages of  sodium  carbonate  is  to  diminish  the  amount  of  free  peptone, 
thus  causing  slight  acceleration  ;  further  on,  however,  the  increased 
amount  of  alkali ne-proteid  body  formed,  counteracts  the  accelerating 
influence  of  the  free  peptone,  when  gradual  retardation  commences ; 
finally,  increase  in  the  percentage  of  sodium  carbonate  leads'  to  the 
presence  of  free  sodium  carbonate,  when  amylolytic  action  comes  to 
a  sudden  standstill.  This  point  being  reached,  increasing  the  per- 
centage of  peptone  prevents  the  stoppage  of  ferment  action.  This 
is  well  illustrated  by  the  following  series  of  experiments,  using  larger 
percentages  of  both  peptone  and  sodium  carbonate,  but  16  c.  c.  of 
the  malt  extract,  as  before. 
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Nfttnl  peptone. 

KfttCOs. 

Wt.  Ctt  In  H. 

Total  amonnt 
reducing  bodlei. 

8i*rch 
converted. 

1*0  per  cent 

0 

0-2078  gram. 

0-4268  gram. 

38-41  per  cent. 

10 

O'OIO  per 

cent. 

01683 

0-3234 

29-10 

10 

0-025 

0-1529 

0-3122 

2709 

10 

0*050 

01351 

0-2764 

24*78 

10 

0-100 

00086 

0-0209 

1-88 

2-0 

0100 

0134] 

0-2730 

24-5T 

Here,  as  before,  the  retarding  action  of  sodium  carbonate  is  held 
io  check  by  the  peptone,  although  there  is  slight  retardation  due  to 
the  alkaline-proteid  body  formed.  Finally,  the  percentage  of  sodium 
carhonate  being  increased  beyond  the  necessary  proportion  of  pep- 
tone, there  is  a  sadden  cessation  of  ferment  action.  Increasing  the 
amount  of  peptone,  however,  prevents  this  retarding  action;  evi- 
dently the  alkaline-proteid  body  is  without  much  effect  on  the  fer- 
ment, only  slowly  diminishing  its  amylolytic  power. 

Influence  of  acidproteids  on  the  amylolytic  action  of  diastase, 

Falk  has  notiC'Cd  that  peptone  prevents  to  a  certain  extent,  the 
retarding  action  of  dilate  acid  on  this  ferment;  no  quantitative 
results,  however,  have  been  recorded,  nor  has  any  attempt  been  -made 
to  ascertain  whether  said  action  is  due  to  simple  retardation,  or 
destruction  of  the  ferment,  or  both.  The  action  of  acids,  whether 
free  or  combined  with  proteid  matter,  on  the  diastase  of  malt  is 
particularly  important,  in  view  of  the  rapid  passage  of  the  ferment 
into  the  stomach  when  taken  in  therapeutical  preparations.  Its 
ultimate  fate  must  depend  in  great  part  upon  the  action  of  free  and 
combined  (proteid)  hydrochloric  acid  upon  it.  It  is,  moreover,  im- 
portant to  compare  the  behavior  of  the  ferment  in  this  respect,  with 
the  amylolytic  ferment  of  saliva. 

An  aqueous  extract  of  malt  prepared  as  described,  contains  but 
little  proteid  matter;  as  a  rule  2*0-2*5  c.  c.  of  01  per  cent,  hydro- 
chloric acid  are  required  to  completely  saturate  the  proteid  matter 
contained  in  80  c.  c.  of  the  neutral  malt  extract.  This  point  was 
ascertained  by  use  of  the  tropaeolin  test  for  free  acid  as  recommended 
by  Danilewsky.*  Thus,  by  way  of  illustration,  in  one  instance  30  c.  c. 
of  carefully  neutralized  malt  extract  required  the  addition  of  3*3 
c.  c.  O'l  per  cent.  HCl  to  give  the  tropaeolin  reaction  for  free 
acid,  and  since  nothing  smaller  than  0*003  per  cent,  free  HCl  can  be 
detected  by  this  method,  it  follows,  making  the  proper  deduction, 
that  2*3  c.  c.  of  0*1  per  cent.  HCl  are  required  to  completely  saturate 

*  C^tralH  Med.  Wiss.,  1880 ;  also  description  in  Trans.  Conn.  AcacL,  vol.  vi,  p.  360. 
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the  proteid  matter  in  30  c.  c.  of  the  extract,  which  would  then  contain 
0*0023  per  cent,  combined  HCl  in  the  form  of  acid-proteids.* 

Oar  first  experiments  were  made  to  ascertain  the  influence  of  small 
percentages  of  combined  acid  on  the  action  of  the  ferment,  viz :  the 
influence  of  such  additions  of  dilute  acid  to  the  neutral  malt  extract 
as  would  completely  saturate  the  proteid  matter  present,  without 
giving  any  free  acid  whatever.  The  results  plainly  show  that  the 
addition  of  very  small  quantities  of  dilute  hydrochloric  acid  to  a 
neutral  solution  of  diastase  increases  the  amylolytic  ^tion  of  the 
ferment.     Following  are  a  few  of  the  results  obtained. 


A.  Malt  extract,  neutral  to  test  papers,  required  2*4  c.  c.  0*1  per  cent 
HCl  to  completely  saturate  the  proteid  matter  in  30  c.  c. ;  the 
fluid  was  then  acid  to  test  papers  but  contained  no  free  acid. 

a.  witli  30  c.  c.  of  the  malt  extract. 


Per  cent, 
combined  HCl. 

0 

00024 


0 
00012 


Wt.  Cu  In  \i. 
0-1630  gram. 
0-1749 


Total  Amount 
reducinir  bodies.      Starch  converted. 

0-3332  gram.  29*98  per  cent. 


0-3678 
h.  with  15  c.  c.  of  the  malt  extract. 


01285  gram. 
01460 


0-2516  gram. 
0-2976 


3219 


23*54  per  cent. 
26-78 


B.  Malt  extract,  neutral  to  test  papers,  required  3*1  c.  c.  0*1  per  cent. 
HCl  to  satui-ate  the  proteid  matter  in  30  c.  c.  of  the  extract. 


a.  with  30  c.  c.  of  the  malt  extract. 


Per  cent, 
combined  HCl. 

Wt.  Cu  In  M- 

Total  amount 
redncing  bodies. 

Starch  converted. 

0 

0-1595  gram. 

0-3258  gram. 

29-32  per  cent. 

00031 

0-1761 

0-3602 

32-41 

h.  with  15  cc. 

of  the  malt  extract. 

0 

0-1319  gram. 

0-2686  gram. 

24-17  percent. 

000165 

0-1599 

0-3266 

29-39 

With  30  ex. 

of  malt  extract ; 

two  distinct 

preparations. 

Per  cent, 
combined  HCl. 

wt.  Co  In  \i. 

Total  amount 
redacinK  bodies. 

starch  converted. 

0 

01575  gram. 

0-3214  gram. 

28-92  per  cent. 

0-0023 

0-1766 

0-3612 

32-50 

0 

0-1681 

0-3438 

3094 

00023 

0-1770 

0-3620 

32-68 

*  Doubtless,  however,  it  is  not  wholly  as  HCl-proteid,  since  the  extract  frequently 
contains  a  trace  of  sodium  lactate. 
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Sach  a  degree  of  tmiformity  in  the  resaltB,  makes  it  evident  that 
the  slight  accelerating  action  of  the  acid-proteid  is  a  constant  one 
ander  the  above  conditions,  and  indeed  all  of  our  results  in  this 
direction  clearly  indicate  such  to  be  the  case. 

Although  acid-proteid  thus  accelerates  amylolytic  action,  it  is  still 
sble  under  slightly  different  conditions  to  retard  the  action  of  the 
ferment  and  even  cause  destruction ;  thus  by  warming  the  amount 
of  ferment  (30  c.  c.  malt  extract),  used  in  the  preceding  experiment, 
at  40°  C.  for  1  hour  with  the  acid  necessary  to  saturate  the  proteids, 
in  a  total  volume  of  50  c.  c,  thus  doubling  the  percentage  of  acid, 
amylolytic  action  was  found  on  subsequent  neutralization  and  testing 
with  starch  paste,  to  be  very  much  diminished.  The  following  results 
obtained  with  the  two  malt  extracts  used  in  C  illustrate  this  point : 
a.  b,  c.  d. 

Per  cent  HC1--       0  00046  0  00046 


Malt  extract 30  cc.  30     c.  c.  30  c.  c.  30    c.  a 

0-1  percent  HCl      0  23    "  0  2*3    " 

H,0 20    *'  17-7    "  20    "  ]7-7    " 


500  c.  c.  50*0  c.  c.  50*0  c.  c.  60-0  c.  c. 

These  solutions  were  warmed  at  40°  C.  for  1  hour,  then  neutraliz- 
ing and  equalizing  mixtures  were  added,  after  which  amylolytic 
action  was  determined  by  adding  starch  paste,  diluting  to  100  c.  c, 
warming  at  40*^  C.  for  30  minutes,  etc.,  with  the  following  results, 
expr^sed  in  the  percentage  of  starch  converted  into  sugar. 

a.  b.  c.  d. 


30-24  21*74  29-25  22*96 

Hence,  it  is  apparent  that  under  these  conditions,  acid-proteids  may 
exert  a  destructive  action  on  the  ferment.  This  destructive  action 
takes  place  with  considerable  degree  of  rapidity,  as  is  shown  by  the 
following  experiment,  which  at  the  same  time  illustrates  the  acceler- 
ating action  of  smaller  percentages  of  combined  acid  and  confirms 
the  preceding  experiments. 

The  neutral  malt  extract  required  2*4  c.  c.  0*1  per  cent.  HCl  to 
combine  with  the  proteid  matter  in  30  c.  c. 


DestmctiTe  action. 

Acceleratii 

kg  action. 

i. 

Jf. 

3, 

4- 

5. 

Malt  extract 

30cc. 

30     c.  c. 

30     c.  c. 

30  c.  c 

30  CO. 

0-1  per  cent  HCl 

0 

2-4    " 

2-4    " 

0 

2-4 '• 

H,0 

20    " 

17-6    ** 

17-6    " 

70*  *' 
100 

70*  " 

60    " 

50       " 

50       '» 

100 

Perceot  HCl... 

0 

0-0048 

0-0048 

0 

0-0024 

*  OontainiDg  one  gram  of  starch. 
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The  amylolytic  action  of  4  and  6  was  tested  directly  by  warming 
the  mixtures  at  40°  C.  for  30  minates  and  then  determining  the 
amonnt  of  reducing  bodies.  No.  1  (the  control)  was  warmed  at  40° 
C.  for  30  minutes,  while  No.  2  was  warmed  at  the  same  temperature 
for  15  minutes  and  No.  3  for  30  minutes.  Neutralizing  and  equaliz- 
ing mixtures  were  added  as  follows : 

1, 
0- 1  per  cent.  Na,00 « ...  0 

j  01  percent  HCl 2-4c.c. 

(  01  per  cent.  NaaCO,. ..  35    '* 

All  three  were  then  mixed  with  one  gram  of  starch  and  made  up 
to  100  c.  c.  in  order  to  determine  amylolytic  action ;  each  solution 
was  neutral  and  contained  the  same  quantity  of  sodium  chloride  as 
well  as  the  same  amount  of  ferment  and  starch.  Following  are  the 
results  of  all  five : 


fS. 

S, 

3*5  c.  c. 

3-6  c.  c. 

0 

0 

0 

0 

No. 

Wt.  On  In  M- 

Total  amount 
rednclnff  bodies^ 

Starch  converted. 

(1 

0  1630  gram. 

0*3332  gram. 

29-98  per  cent 

Is 

01263 

0-2564 

22-98 

01196 

0-2434 

21-90 

i* 

01628 

0-3322 

29-89 

*5 

01749 

0-3578 

32-19 

It  is  thus  seen  that  with  this  amount  of  ferment,  0*0024  per  cent, 
combined  acid  causes  an  acceleration  in  amylolytic  action  (Noa.  4 
and  6)  amounting  to  over  2  per  cent,  in  the  quantity  of  starch  con- 
verted, while  warming  the  same  amount  of  ferment  with  the  same 
amount  of  acid,  but  under  a  less  degree  of  dilution,  causes  a  destruc- 
tion of  the  ferment  amounting  to  1  per  cent,  in  the  conversion  of  the 
starch;  15  minutes  longer  at  40°  C.  causes  only  a  slightly  increased 
destruction. 

Influence  of  acid-peptone. 

By  increasing  the  amount  of  proteid  matter,  larger  percentages  of 
hydrochloric  acid  can  be  added  to  a  malt  extract  without  retarding 
the  action  of  the  ferment  or  even  interfering  with  the  accelerating 
action  of  the  smallei^  percentages.  As  previously  stated,  Falk  has 
shown  that  peptone  prevents  to  a  certain  extent  the  retarding  action 
of  hydrochloric  acid,  but  it  does  more  than  this,  it  causes  accelera- 
tion in  ferment  action  not  only  in  neutral  solution,  as  already  shown, 
but  in  an  acid  solution  likewise,  provided  there  is  an  excess  of  pep- 
tone present,  in  which  case  the  acid-peptone  compound  formed,  causes 
greater  acceleration  than  the  same  percentage  of  peptone  alone 
would  do  if  added  to  a  neutral  solution  of  the  ferment.     The  follow- 
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iog  experiments,  which  we  have  repeated  many  times,  testify  to  the 
accuracy  of  this  statement: 

Wt.  Cu  In  M. 
0*2118  gram. 
0*2168 
0*2115 
0-2165 
0*2175 

01730 
01726 
0-1802 
01794 
01765 
01775 

Acceleration  in  amylolytic  action  is  here  quite  noticeable ;  the  pep- 
tone, however,  is  in  considerable  excess.  As  the  peptone  approaches 
latoraUon,  retardation  commences  as  is  shown  by  the  following  ex- 
periments ;  such  a  point  being  reached,  however,  retardation  can  be 
completely  prevented  by  increasing  the  amount  of  peptone. 


irMBt 

Per  cent, 
combined  HCl. 

0*2 

0 

0*2 

00003 

0-2 

0-0005 

.0*2 

00030 

0-2 

00050 

0^ 

0 

0-2 

00003 

0-2 

00005 

0*2 

0*0010 

0-2 

0-0030 

0*2 

0-0050 

reducing  bodlee. 

Starch 
converted. 

0*4356  gram. 

39-20  per  cent. 

0*4460 

40-14 

0*4348 

39*13 

0*4454 

40*18 

0*4478 

40-30 

0-3540 

31*86 

0*3532 

31-78 

0-3688 

3317 

0-3672 

33*04 

0-3610 

32-49 

0*3632 

32-68 

Per  cent. 
Peftone. 

Per  cent, 
combined  HCl. 

Wt.  Cn  m  H. 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0-2 

0 

0*1716  gram. 

0-3508  gram. 

31*57  per  cent. 

0-2 

0*008 

01732 

0-3424 

30-81 

0*2 

0010 

0*1631 

0-3334 

30*00 

0-2 

0*012 

0-1442 

0-2940 

26-46 

0-6 

0 

0-1633 

0*3338 

30-04 

0-5 

0-012 

0-1652 

0-3376 

30-38 

0-5 

0-025 

01170 

0-2384 

21-45 

The  peptone  employed  in  this  last  experiment  required  11*8  c.  c.  of 
0*1  per  cent,  hydrochloric  acid  to  completely  saturate  0-2  gram,  con- 
sequently in  the  fourth  experiment  the  peptone  was  more  than  com- 
pletely saturated  with  acid,  but  the  amount  of  free  acid  could  have 
been  only  0*0002  per  cent.  In  the  last  experiment,  however,  retard- 
ing action  is  due  wholly  to  acid-peptone,  no  free  acid  at  all  being 
present.  Increasing  the  percentage  of  combined  acid  still  further, 
the  proteid  matter  at  the  same  time  being  just  saturated,  causes  far 
gi^ter  retardation  in  the  action  of  the  ferment. 


Pwcent. 
^e^>^ODe. 

Per  cent, 
combined  HCl. 

Wt.  Cn  In  M- 

Total  amount 
reducing  bodies. 

SUrch 
converted. 

0-5 

0 

0-1607  gram. 

0*3282  gram. 

29*53  per  cent. 

0-5 

0012 

0-1661 

0-3394 

30*54 

0-5 

0-015 

0-1670 

0-3412 

28*70 

0-5 

0*025 

01202 

0-2448 

22-03 

0*5 

0035* 

0*0317 

0  0674 

6-06 

^  With  this  percentage  the  peptone  is  exactly  saturated  with  acid. 
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All  of  these  results  show  acceleration  under  the  influence  of  small 
percentages  of  combined  acid,  followed,  as  the  percentages  are  in- 
creased, by  decided  retardation,  thus  agreeing  with  the  results  pre- 
viously obtained  with  the  salivary  ferment. 

The  destructive  action  of  small  percentages  of  acid-peptone  on  the 
ferment  is  not  great  in  the  presence  of  an  excess  of  peptone,  but  as 
the  peptone  approaches  saturation  its  destructive  power  is  increased, 
and  when  completely  saturated  with  acid,  a  moderate  amount  of 
peptone  so  combined  will  quickly  and  completely  destroy  the  fer- 
ment.    This  is  plainly  shown  in  the  following  series  of  experiments : 

1,  2,  S,  4- 

Malt  extract 16  c.  c.  15  c.  c,  15  c,  c  16  c.  c. 

Peptone  sol* 20  20  20  20 

HOI  0-1  per  cent 0  12  4 

HjO 15  14  13  11 

60  50  50  50 

Peptone 0*1  per  cent       01    percent      01    percent     0*1    percent 

Combined  HOI 0  0*002  0*004  0*008 

These  mixtures  were  warmed  at  40°  C.  for  30  minutes.  20  c.  c  of 
the  peptone  solution  together  with  15  c.  c.  of  the  malt  extract  re- 
quired 4*0  c.  c.  of  0*1  per  cent,  hydrochloric  acid  to  saturate  the 
proteid  matter,  consequently  in  the  above  mixtures,  2  and  3  contained 
a  large  excess  of  uncombined  peptone,  while  in  4  the  proteid  matter 
was  just  saturated. 

Neutralizing  and   equalizing   mixtures   were    added   to  each   as 

follows : 

i.  ^  g.                    3.  4. 

01  per  cent  NaaCO,  ;   ...0  1*5  c.  c.                3    c.  c.  6*9  cc 

01        "         Na,C03 6-9  CO.  4*4                        2*9                           0 

0*1         "         HCl 4*0  3*0  '     3*0                            0 


I 


The  solutions  were  now,  on  being  diluted  to  100  c.  c,  in  every  re- 
spect equal.  Their  amylolytic  power  on  being  tested  with  starch 
paste  was  as  follows : 

Total  %moniit  Starch 

No.  Wt.CulnJi.  redacioff  bodies.  converted. 

1  01596  gram.  0*3268  gram.  29*32  per  cent 

2  01627  0*3118  .    28*06 

3  01239  0-2522  22*69 

4  trace. 

Hence,  when  the  proteid  matter  present  is  only  one-quarter  satu- 
rated with  acid,  the  acid-peptone  so  formed  may  exert  some  destruc- 

*  The  peptone  solution  contained  0*260  g^ni  peptone  in  100  c.  c.  water  and  was 
made  neutral  to  test  papers ;  20  c.  c.  therefore  contained  0*060  gram  peptone. 
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tire  action  on  the  ferment ;  when  half  saturated,  destructive  action  is 
more  pronounced  ;  when  wholly  saturated  it  is,  under  the  above  con- 
diUons,  complete. 

Frequently,  such  small  percentages  of  combined  acid  as  the  above 
will  have  no  retarding  effect  whatever  on  amylolytic  action,  though 
if  the  ferment  be  warmed  for  half  an  hour  with  the  same  percentage 
of  peptone  and  combined  acid,  its  subsequent  amylolytic  power  will 
be  much  reduced,  owing  to  a  partial  destruction  of  the  ferment. 
His  is  well  illustrated  by  the  following  series  of  experiments : 

A.  B. 

, * ,  , * , 

i.  2,  s,  4-  ^.  6, 

Malt  extract 15  c  c        16  c.  a         16  c.  c  15  c.  c.  15  c.  c  16  c.  c. 

0]  percent  Ha..     0  12  0  2  4 

Peptone  aol.0-5j(..   10  10  10  20  20  20 

H,0 26  24  23  65»  63»  61* 

50  50  60  100  100  100 

Combined  Ha 0  0002)^         0004j(         0  0002j(         0004j( 

PepUme 0\%  01  0  1  0-ljg  01  01 

Nos.  4,  5  and  6  were  warmed  directly,  with  the  starch,  for  30  min- 
utes at  40"^  C.  and  the  reducing  bodies  determined.  Nos.  1,  2  and  3 
were  warmed  at  40°  C.  also  for  30  minutes,  then  neutralizing  and 
equalizing  mixtures  were  added,  the  solutions  diluted  to  100  c.  c.  and 
warmed  with  1  gram  of  starch  for  30  minutes  at  40°  C.  The  follow- 
ing results  show  the  amylolytic  power  of  the  six  solutions: 


Total  amoimt  Starch 

No  Wt.OaiD)i.         rednelnc  bodies.  converted. 

0*1482  gram.         0*3024  gram.         27.21  percent. 

A, -12  01412  0-2876'  26'88 

.3  01351  0-2764  2478 


■li 


01694         0*3256         29  30 

B.-{5  0-1628         0-3324         2991 

0-1606         0-3282         29*52 


In  series  A,  we  see  a  gradual  decrease  in  the  amylolytic  power  of 
the  solutions ;  this  can  be  due  to  nothing  but  the  destructive  action 
of  the  acid-peptone  compound,  for  the  solutions  are  in  every  respect 
ilike,  being  in  the  same  degree  of  dilution  and  containing  the  same 
unonnt  of  sodium  chloride,  etc.  The  destruction  is  not  great,  as 
the  peptones  are  in  coqsiderable  excess.  In  series  B,  where  the  fer- 
ment is  exposed  to  the  direct  action,  in  the  presence  of  the  starch,  of 
the  same  percentage  of  peptone  and  acid  there  is  no  retardation  of 

*  Containing  1  gram  of  starch. 
Trahs.  Conk.  Acad.,  Vol.  VII.  a  Oct.,  1886. 
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amylolytic  action  whatever;  presumably  because  of  the  rapid  action 
of  the  ferment  and  the  slow  retarding  action  of  the  acid-peptone. 

Influence  of  free  acid  on  the  amylolytic  action  of  diastase. 

As  might  be  expected,  free  hydrochloric  acid,  even  in  very  small 
quantity  at  once  stops  the  amylolytic  action  of  this  ferment,  quickly 
destroying  it.  It  is  interesting,  however,  to  compare  the  action  of 
very  small  percentages  of  free  acid  with  results  obtained  in  like 
manner  with  the  salivary  ferment.  The  first  experiment  gave  the 
following  results:  the  malt  extract  used,  required  per  30  c.  c,  2*4  c.  c. 
0*1  per  cent,  hydrochloric  acid  to  saturate  the  proteid  matter. 

Per  cent.  Per  cent.  Total  amoont  SUrch 

combined  BCI.       free  HCl.  Wt.  Ca  in  %.      rednclng  bodies.      converted. 

0  0  0*1378  gram.  0*2808  gram.  26*27  percent. 

00024  0  0*1684  0*3236  29*12 

00024  0001  01486  0*3032  27*29 

00024  0*003  0*0806  01642  14*77 

With  another  malt  extract  not  so  active,  but  containing  the  same 
percentage  of  acid-proteids,  the  following  results  were  obtained : 

Total  amount 
Free  HCl.  Wt.  On  in  M-  reducing  bodies.         Starch  conrerted. 

0  0*0780  gram.  0*1692  gram.  14*32  per  cent 

00003  percent.  00719  01470  13*23 

00006  0*063]  01294  11*64 

00020  00380  00796  716 

00030  00091  00222  1*99 

From  these  two  series  of  results  it  is  quite  evident  that  a  very  small 
peri^entage  of  free  hydrochloric  acid  will  stop  the  amylolytic  action 
of  this  ferment.  The  main  action  of  the  acid  is  that  of  destruction, 
killing  the  ferment  very  quickly.  The  following  is  a  sample  of 
Bevt!ral  experiments  tried,  to  ascertain  how  far  retardation  is  due  to 
dest  ruction  of  the  ferment. 

1.  a.  3.  4. 

Nt^utral  malt  extract 30    c.  c.      30    c.c.      30   c.c.      30   c.  c. 

ftl  percent.  HCl  to  saturate  proteida        2*2  "  2*2  "         2*2  "  2*2  •* 

Ml  percent  HCl  for  free  acid 0  0*6  "  1*0  **  1*6  " 

rLO 17*8  "        17-3    ♦        16*8  "        16*3  ** 

50      "        60      "        600  "        60-0  " 
Per  cent  free  HCl 0  0*001  0*002  0003 

Tliese  solutions  were  warmed  at  40°  C.  for  30  minutes,  then  neu- 
trulizing  and  equalizing  mixtures  were  added  and  the  amylolytic 
puwer  determined.  No.  1  converted  the  usual  amount  of  starch  into 
SM^^iir,  but  No.  2  showed  only  a  trace  of  amylolytic  power  and  Nos. 
3  and  4  none  at  all.     Evidently  then  0-001  per  cent,  of  free  acid  had 
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all  bat  completely  destroyed  the  ferment  by  30  minates  warming  at 
40*  C. 

In  conclusion  then,  we  have  to  notice  a  greater  susceptibility  on 
the  part  of  this  ferment  to  the  action  of  aoid-proteids  and  free  acid 
than  tbe  salivary  ferment.  Whether  this  latter  point  constitutes 
any  real  difference,  it  is  hard  to  say,  since  the  apparent  increase  in 
amylolytic  action  noted  in  tbe  presence  of  traces  of  free  acid  in  the 
case  of  saliva  (0*0001-0*0006  per  cent  free  HCl)  involve  such  small 
quantities  as  to  make  the  results  somewhat  questionable,*  since  such 
very  small  additions  of  acid  might  perhaps  be  used  up  by  the  phos- 
phates or  other  salts  present  But  taking  the  evidence  of  the  results 
and  comparing  them  with  results  obtained  in  like  manner  with  the 
diastase  of  malt,  it  would  certainly  appear  that  the  latter  is  more 
susceptible  to  the  action  of  free  acid  than  the  salivary  ferment, 
thoQgb  both  are  very  readily  destroyed  by  a  few  thousandths  of  one 
per  cent,  of  free  HCl. 

In  other  respects,  the  ferment  of  malt  behaves  similarly  to  the  fer- 
ment of  saliva ;  both  act  better  in  a  neutral  than  in  an  alkaline 
solution ;  proteid  matter  too,  prevents  the  retarding  action  of  alka- 
line carbonate  and  thus,  as  in  the  case  of  saliva,  the  action  of  a  given 
percentage  of  sodium  carbonate  on  diastase  is  dependent  in  part, 
upon  tbe  concentration  of  the  fluid  and  the  consequent  amount  of 
proteid  matter  present  Neutral  peptone,  moreover,  exerts  a  direct 
itimulating  eflTect  on  the  amylolytic  action  of  neutral  diastase. 
Greatesit  amylolytic  action,  as  in  the  case  of  saliva,  is,  however,  ob- 
served in  the  presence  of  proteid  matter  partially  saturated  with  acid, 
but  larger  percentages  of  acid-proteids  may  cause  complete  destruc- 
tion of  the  ferment.  The  accelerating  action  of  proteid  matter  is  in 
great  part  due  to  its  power  of  combining  with  both  acid  and  alkaline 
carbonate,  but  in  addition  we  cannot  but  recognize  a  direct  stimula- 
tion of  the  ferment,  as  in  the  action  of  neutral  peptone  on  a  neutral 
solution  of  diastase. 

Lastly,  it  is  evident  from  these  results,  that  diastase  taken  into  the 
stomach  must  sooner  or  later  be  completely  destroyed,  by  either  the 
free  acid  or  the  large  percentage  of  acid-proteids ;  but  in  the  first 
stage  of  digestion,  in  the  absence  of  free  acid  and  under  the  protect- 
ing influence  of  proteid  matter  the  conversion  of  starch  into  sugar 
may  still  go  on,  though  soon  destined  to  feel  the  effects  of  the 
gradnally  increasing  percentage  of  combined  acid. 


^  See  Chittenden  and  Smith,  Traus.  Conn.  Acad.,  vol.  vi,  p.  370, 
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THE  AMYLOLTTIC  ACTION   OF   SaLIVA.      By    R.  H.  ChITTBNDBN  AND 

H.  M.  Painter,  B.A.,  Ph.B. 

Few  attempts  have  been  made  to  ascertain,  experimentally,  the 
influence  of  therapeutic  and  toxic  substances  on  araylolytic  action. 
Yet  in  view  of  the  important  part  which  the  ferment  of  saliva  plays 
in  the  digestive  processes  of  the  body  and  in  view  likewise  of  the 
great  susceptibility  of  the  ferment,  it  would  seem  especially  desirable 
to  obtain  accurate  data  regarding  the  efiects  of  many  substances  on 
its  amylolytic  power. 

While  many  laborious  investigations  have,  from  time  to  time,  been 
undertaken  to  ascertain  the  influence  of  some  one  or  more  substances 
on  the  metabolism  of  the  body,  the  influence  of  the  same  sub- 
stances on  the  digestive  processes  has  apparently  been  very  little 
considered,  with  the  exception,  however,  of  the  more  common 
alkali  and  alkali-earth  salts.  Likewise  too,  the  possible  action 
of  many  toxic  substances  on  the  digestive  processes,  as  in  chronic 
cases  of  poisoning,  has  with  a  few  exceptions  been  almost  entire- 
ly ignored ;  yet  in  both  of  these  instances  it  is  possible  that  much 
light  might  be  obtained  by  a  knowledge  of  the  influence  of  individual 
substances  upon  proteolytic  and  amylolytic  action.* 

With  these  thoughts  in  mind,  the  present  investigation  was  under- 
taken, and  the  results  which  we  present  here  plainly  show  the  import- 
ance of  the  work. 

In  selecting  substances  for  study,  we  have  chosen  not  only  those 
noted  for  therapeutic  or  toxic  power,  but  also  those  possessed  of 
antiseptic  or  germicidal  properties ;  our  object  being  to  see  how  far 
the  unformed  ferment  of  the  saliva  corresponds,  in  its  behavior 
towards  these  bodies,  with  the  formed  or  organized  ferments.f     More- 

♦  An  interesting  table  of  comparieons  by  Wernitz  shows  the  relative  action  of 
several  therapeutic  agents,  on  the  various  enzymes  of  physiological  interest — Bran- 
ton's  Pharmacology,  p.  86. 

f  A  difference  m  action  by  the  same  substance  upon  formed  and  unformed  ferments 
is,  as  stated  by  Brunton,  a  fact  of  great  importance,  for  upon  it  may  depend  a  useful 
application  of  the  substance  in  medicine ;  thus  creosote,  which  has  but  a  slight  actioo 
upon  pepsine  and  ptyahne,  will  kill  bacteria  in  a  dilution  of  I  to  1 000,  and  thus  this 
agent  can  be  used  to  arrest  fermentation  in  the  stomach  depending  on  the  presence  of 
low  organisms,  while  the  proteolytic  action  of  the  digestive  ferment  is  but  littlo 
interfered  with. — Brunton,  p.  87. 
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oyer,  only  neatral  bodies  oonld  be  experimeDted  with,  since  the 
smallest  quantity  of  either  free  acid  or  alkali  woald  exert  its  own 
peculiar  destructive  action  on  the  ferment*  In  view  of  this  fact  also, 
we  have  invariably  used  chemically  pure  salts  and  those  frequently 
recrystallized  to  be  sure  of  the  absence  of  deleteribus  impurities. 


Method  employed. 

A  few  preliminary  experiments  clearly  indicated  that  the  preseuce 
of  very  small  percentages  of  foreign  substances  exercise  a  decided 
effect  OD  the  amylolytic  action  of  saliva,  and  thus  the  investigation 
resolved  itself  into  a  study,  not  of  the  percentages  requisite  to  com- 
pktdy  hinder  the  power  of  the  ferment,  under  given  conditions,  but 
of  the  relative  action  of  small  percentages  on  the  amylolytic  power 
of  the  ferment.  This  seemed  to  us  the  more  important,  since  we  soon 
found  that  substances  which,  present  in  comparatively  large  amount 
tended  to  hinder  amylolytic  action,  would  when  present  in  small 
quantities  actually  increase  the  activity  of  the  ferment.  Hence,  we 
deemed  it  best  to  use  accurate  quantitative  methods  for  determina- 
tion of  amylolytic  action ;  such  as  would  indicate  small  variations 
with  certainty. 

The  experiments  were  made  in  series,  in  which  one  digestion  of 
each  series  served  as  a  control  for  comparison.  The  volume  of  each 
digestive  mixture  was  100  c.  c,  in  which  was  present  1  gram  of  per- 
fectly neutral  potato  starch,  previously  boiled  with  a  portion  of  the 
water,  10  c.  c  of  a  diluted  neutral  salivaf  and  a  given  quantity  of  the 
Bobstance  to  be  experimented  with.  The  mixtures  were  warmed  at 
40*  C.  for  30  minutes,  after  which  further  action  of  the  ferment  was 
stopped  by  heating  the  solution  to  boiling.  The  extent  of  amylo- 
lytic action  was  then  ascertained  by  determining  in  one-fourth  of  the 
aolution,  the  amount  of  reducing  substances  by  Allihn'sJ  gravimetric 
method.  From  the  amount  of  reduced  copper  thus  obtained,  the 
total  amount  of  reducing  bodies  was  calculated  (as  dextrose),  from 
which  in  turn  was  calculated  the  percentage  of  starch  converted. 


*  Chittenden  and  Smith,  Transactions  Conn.  Acad.  Arts  and  Sciences,  vol.  yi,  p. 
343. 

\  Tbe  saliva  was  human^  mixed  saliva,  freshly  collected.  It  was  prepared  for  use 
by  being  filtered,  made  exactly  neutral,  then  diluted  in  the  proportion  of  1:5.  Thus 
in  each  digeelion  there  were  present  2  c.  c.  of  undiluted  saliva. 

\  Zeitschrift  fur  Analytische  Oheraie,  Jahrgang  xxii,  p.  448. 
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Mercuric  chloride. 

Sternberg*  places  mercuric  chloride  first  in  the  list  of  germicides ; 
its  presence  to  the  extent  of  0*003  per  cent,  being  sufficient  to  pre- 
vent the  development  of  the  micrococcus  of  pus,  while  0*006  per  cent, 
destroys  the  vitality  of  the  same  bacterial  organism. 

To  our  surprise  the  salt  acts  even  more  energetically  on  the  unor- 
ganized ferment  of  the  saliva,  as  the  following  results  show : 


HgCl, 

wt.  cu  m  H. 

Totol  Rtnoani 
redncln^  bodies. 

SUrch 
conrerted. 

0 

0*2386  gram. 

0*4920  gram. 

44*28  per  oent. 

00005 

per 

cent. 

01277 

0*2500 

22*50 

00010 

00926 

0*1880 

16*92 

00020 

00396 

0*0824 

7*41 

00030 

.0*0060 

00040 

0 

It  is  evident  that  the  ferment  of  saliva  is  very  susceptible  to  the 
action  of  this  poison,  and  we  have  repeated  the  experiment,  using 
still  smaller  percentages,  with  the  following  results : 


HgCl,.                     Wt.Cnin54. 

Total  amount 
redacing  bodies. 

Starcb 
coDTerted. 

0                           0*1635  gram. 

0*3340  gram. 

3006  per  cent 

0*0001  percent      0*1610 

0*3288 

29*59 

0*0002                      01570 

0-3204 

28-83 

0*0003                       0-1546 

0*3152 

28*36 

The  smallest  possible  addition,  therefore,  of  mercuric  chloride  dimin- 
ishes the  amylolytic  power  of  saliva,  in  proportion  to  the  amount  of 
mercury  salt  added. 

Mercuric  hromidCy  mercuric  iodide  and  mercuric  cyanide. 

These  salts  of  mercury,  vigorous  in  their  action  as  poisons,  and 
the  two  former  as  germicides  likewise,  would  be  expected  from 
analogy  to  act  similarly  to  the  chloride.  Such  we  find  to  be  the  case 
with  the  bromide  and  iodide,  but  with  the  cyanide  there  is  to  be 
noticed,  to  a  slight  extent,  an  action  which  we  find  common  to  many 
substances,  viz:    increasing  the  amylolytic  power  of  the  ferment 

*  Amer.  Jour.  Med.  Sciences,  April,  1883,  p.  321. 

For  the  action  of  the  various  salts  studied  in  this  work,  on  the  organized  ferments, 
see  also  Marcus  and  Pinet  in  Compt  Rend.  Soc.  de  Biolog.,  1882,  pp.  718-724,  or  ab- 
stract in  Jahresbericht  fiir  Thierchemie,  1882,  p.  615;  also  Ch.  Richet  in  Compt.  Rend., 
vol.  xcvii,  pp.  1004-1006,  or  in  Jahresbericht  fur  Thierchemie,  1883,  p.  418,  and 
Robert  Koch,  Jahresbericht  fiir  Thierchemie,  1881,  p.  471,  N.  Jalan  de  la  Croix, 
Jahresbericht  fttr  Thierchemie,  1881,  p.  476.    Brunton's  Pharmacology,  p.  96. 
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when  present  in  ooe  percentage  and  diminishing  it  when  the  percent- 
age is  increased.  On  account  of  the  insolubility  of  mercuric  iodide 
and  bromide,  these  salts  were  dissolved  in  water  containing  potassium 
iodide  and  sodium  chloride  respectively,  in  such  proportion  that  the 
rarioos  digestive  mixtures  contained  the  same  percentages  of  these 
salts  as  they  did  of  the  mercury  salts.*  Following  are  the  results 
obtained : 


iercnry  salt. 

Wt.  Cu  In  ^. 

Total  amonnl 
rednclng  bodies. 

starch 
conTerted. 

0 

0-1296  gram. 

0*2636  gram. 

28-72  per  cent 

HgBr, 

(H)005  per  cent 

0-1150 

0-2344 

21-09 

o-ooio 

0-0170 

0-1672 

14-14 

0-0020 

00340 

0-0720 

6-48 

Hgl, 

0-0010 

01267 

0-2660 

2304 

0*0020 

0-1180 

0-2404 

21-63 

Hg(CN), 

0-0006 

01376 

0-2800 

26-20 

00010 

01446 

0-2944 

26-49 

00020 

01242 

0-2628 

22-76 

00030 

01262 

0-2662 

22-96 

0 

0-1319 

0-2684 

24-15 

flg(CN), 

0-050O 

01025 

0-2084 

18-75 

Id  this  series  of  results,  it  is  to  be  noticed  that  mercuric  bromide 
is  the  most  energetic  in  its  hindering  action;  0*0005  per  cent,  being 
eveD  more  effective  than  0*002  per  cent,  of  the  iodide.  With  the 
cyanide,  however,  the  first  two  percentages  stimulate  or  in  some  way 
give  rise  to  an  increased  amylolytic  action  and  even  0*050  per  cent. 
of  the  salt  does  not  retard  the  action  of  the  ferment  as  much  as  0*001 
per  cent,  of  mercuric  bromide. 


Cupric  sulphate. 
With  this  salt  the  following  results  were  obtained: 


Cb804+SH,0. 

Wt.  Cu  In  M- 

Total  amount 
rednclng  bodies. 

SUrch 
converted. 

0 

0-1712  gram. 

0*3600  gram. 

31-50  per  pent. 

00005  per  cent. 

0-1446 

0-2944 

26-49 

0-0020 

0-0630 

0-1096 

9-86 

0-0100 

00250 

0-0540 

4-86 

0-0250 

0 

*  Apparently,  the  double  salts  so  formed  act  as  vigorouslj  as  the  mercury  salt 
ftkme  cogld  do. 
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The  hindering  action  of  the  copper  Bait  is  nearly  as  pronoanced  as 
that  of  mercuric  chloride  and  even  more  so  than  the  bromide  and 
iodide  of  mercury. 

Lead  acetcUe. 
With  this  salt,  the  smaller  percentages  experimented  with  show  a 
slight  stimulating  action ;  but  the  larger  percentages  fail  to  retard 
the  amylolytic  action  of  the  ferment  as  the  preceding  salts. 


Pb(CtHaOg),+8HtO. 

Wt.  Cn  In  X. 

ToUl  unoant 
reducing  bodies. 

SUrch 
converted. 

0 

01630  gram. 

0  3332  gram. 

29-98  per  cent 

0*0003  per  cent 

01642 

0-3366 

30*20 

00006 

01636 

0-3340 

30-06 

00010 

01636 

0-3340 

30-06 

00020 

01696 

0-3266 

29-30 

0-0060 

01396 

0-2840 

26*66 

00100 

01402 

0-2866 

25*70 

A  second  series  of  experiments, 

with  Still  larger 

percentages  of  tt 

lead  salt,  gave  the 

following  results: 

Pl^CiHaOt)t+8H,0. 

wt.  Ca  In  M- 

Total  amount 
reducing  bodies. 

Starch 
converted. 

0 

0*1742  gram. 

0-3564  gram. 

3207  per  cent 

0*06  per  cent 

0*1736 

0*3548 

31-93 

0-10 

01720 

0-3616 

31-64 

0-30 

01667 

0*3384 

30-46 

0-60 

01655 

0*3172 

28-54 

100 

0*1376 

0-2800 

26-20 

300 

00786 

01600 

14-40 

500 

00490 

0*1016 

9-14 

Thus,  the  presence  of  even  five  per  cent,  of  lead  acetate  fails  to 
completely  prevent  amylolytic  action. 

Arsenio^cs  oxide. 
Owing  to  the  comparative  insolubility  of  this  substauce  in  neutral 
fluids,  small  percentages  only  could  be  experimented  with.     With 
these,  the  following  results  were  obtained  : 


A8,Oj. 

Wt.  Co  in  M. 

Total  amount 
reducing  l>odies. 

Starch 
converted. 

0 

0*1475  gram. 

0-3004  gram. 

27  03  percent 

0-0003  per  cent 

01607 

0-3072 

27-64 

00005 

0-1537 

0-3136 

28-22 

0-0010 

0*1475 

0-3004 

2703 

00020 

0-1570 

0-3204 

2883 

0-0050 

0-1390 

0*2832 

25-48 

0-'0900 

0-1605 

0-3276 

29-48 

Although  the  results  obtained   do  not  wholly  accord  with  each 
other  they  still  plainly  show  that  arsenious  acid,  to  the  exte^it  pres- 
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ent  in  these  experiments,  stimulates  the  amyloly tic  acUoo  of  the 
ferment ;  a  fact  which  might  be  expected,  assuming  that  the  acid 
combines  with  the  proteids  of  the  saliva,  for  as  has  been  elsewhere* 
shown,  acid-proteids  when  present  in  not  too  large  an  amount 
meresse  the  amylolytic  action  of  the  salivary  ferment. 

Sch&fer  and  Bdhmf  state  that  arsenions  acid  has  no  influence 
whatever  on  the  conversion  ol  starch  into  sugar  by  a  glycerine  ex- 
tract of  the  pancreas.  Possibly  they  sought  only  for  retarding 
action,  or  it  may  be  that  the  pancreatic  ferment  differs  in  this  respect 
from  the  ferment  of  saliva. 

Arsenic  acid. 
This  substance  being  still  more  acid  than  the  preceding,  might 
oatarally  be  expected  to  diminish  amylolytic  action,  when  present  in 
quantities  which  in  the  preceding  would  increase  the  activity  of  the 
ferment ;  and  indeed  there  is  to  be  seen  in  the  results,  a  slight  in- 
crease, followed  by  a  rapid  decrease  of  amylolytic  action, 

ToUI  amount  Starob 

HaAB04.  WI.Culn)i.  reducing  bodiee.  conrerted. 

0  0*1756  gnm.  0*3588  gram.  32*29  per  cent. 

0*0006  per  cent  0*1766  .     0*3608  32*47 

0*0010  0*1635  0*3340  30*06 

0*0030  0*0310  00660  5*94 

0*0050  0 

With  0*005  per  cent,  of  arsenic  acid  present  in  the  fluid,  no  reduc- 
bg  bodies  were  formed  in  the  thirty  minutes  of  the  experiment,  but 
the  solution  did  become  clear,  showing  the  formation  of  soluble 
prodocts.  The  same  fact  was  observed  in  the  presence  of  larger 
percentages  of  the  acid ;  the  starch  solution  becoming  clear,  after 
the  addition  of  saliva,  even  in  the  presence  of  one  per  cent  of  the 
add,  although,  as  before,  no  reducing  bodies  were  formed. 

Ammonifiin  arsenate. 
With  this  salt  the  following  results  were  obtained : 


irH4>aAn04. 

Wt.Cn  In  M* 

rcSSSillKSSi. 

Btorch 
conTeited. 

0 

01527  gram. 

0-3112  gram. 

28*08  per  cent 

0*0005  per 

cent 

0*1620 

0*3308 

29*77 

••0010 

01630 

0*3340 

30*06 

0D050 

01676 

0-3420 

30*78 

OM>160 

0*1746 

0*a568 

32*11 

0*0250 

0*1700 

0*3476 

31-28 

*  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol.  vi,  p.  343. 

f  Abstract  in  Jahreaberioht  fAr  Thierohemie,  1872,  p.  366. 

Taire.  (knm.  Acad.,  Vol.  VH.  9  Oct.,  1886. 
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In  a  second  series,  larger  percentages  were  used  with  the  following 
results : 


(NH4)3AS04. 

wtCalnJi. 

Total  amount 
reducing  bo<lleB. 

Starch 
coDTerted. 

0 

0-1712  gram. 

0-3500  gram. 

31-50  per  cent 

0-06  per  cent 

0-1475 

0-3004 

27-03 

010 

0-1 147 

0-2332 

20-98 

0-50 

0-0165 

0-0368 

3-31 

1-00  The  solutioii  became  clear  but  no  reducing  bodies  were  formed. 

With  this  salt,  a  very  decided  stimulation  of  the  feiment  is  to  be 
observed  in  the  presence  of  small  percentages,  while  increased 
amounts  of  the  salt  ultimately  stop  diastatic  action. 

Potassium  antimony  tartrate. 

Two  series  of  experiments  were  tried  with  this  salt,  with  the  fol- 
lowing results : 


K(8bO)C4H406. 

Wt.  Cu  In  5<. 

Total  Mnount 
reducing  bodies. 

Starch 
converted. 

0         • 

01 540  gram. 

0*3144  gram. 

28-29  per  cent 

O'OOl  percent 

0-1610 

0-3288 

29-59 

0005 

0-1660 

0-3392 

30-52 

0010 

01760 

0-3600 

32-40 

0-050 

0-1760 

0-3600 

32-40 

0100 

0-1745 

0-3568 

31-11 

0-200 

0-1750 

0-3580 

32-22 

0 

0-1545 

0-3152 

28-36 

0-10 

01850 

0-3788 

3409 

0-30 

01640 

0-3352 

3016 

0-50 

0-2566 

0-5304 

47-73 

1-00 

01570 

0-3204 

28-83 

200 

01232 

0-2504 

22-53 

500 

0-0470 

0-0976 

8-78 

Here  we  have  an  illustration,  more  forcible  than  with  any  other 
salt,  of  the  power  possessed  by  many  substances  of  both  increasing 
and  diminishing  the  action  of  the  ferment.  One*  of  us  has  for  some 
time  held  that  the  addition  of  very  small  quantities  of  hydrochloric 
acid  to  neutral  saliva  tends  to  increase  the  amylolytic  power  of  the 
feiment ;  that  this  takes  place  even  when  the  proteids  present  are 
completely  saturated  with  the  acid,  or  in  other  words  when  there  is 
present  a  very  small  amount  of  Jree  acid,  provided  the  acid-proteids 
are  not  present  in  too  large  an  amount.  It  is  well  known  that  free 
hydrochloric  acid,  when  present  to  the  extent  of  a  few  thousandths 
of  one  per  cent  completely  stops  the  action  of  the  ferment.    Langley 

*  Chittenden  and  Smith,  Trans.  Conn.  Acad.,  vol  vi,  p.  360. 


and  Toxic  Agents  on  the  Amylolytic  Action  of  Saliva,        67 

and  Eves*  make  this  divergence  of  action  of  one  and  the  same  sub- 
itance  a  groond  for  questioning  the  accuracy  of  such  a  view,  for,  say 
they,  "since  0-0016  per  cent.  HCl  decreases  amylolytic  action  it 
seems  very  unlikely  that  0*0005  per  cent,  should  increase  it"  The 
acdoD  of  many  neutral  salts  here  experimented  with,  where  both 
sdmolation  and  retardation  are  obtained,  plainly  show  that  such  a 
doable  action,  dependent  simply  on  quantity  is  not  an  impossible  one. 

Stannous  chloride. 
With  this  salt  very  marked  results  were  obtained  as  follows: 

Total  amonnt  Starch 

SnClf  Wt.  Ca  In  )i.  reducing  bodies.  converted. 

0  0'U76  gram.  0*3004  gram.  27*03  per  cent. 

00003  percent.  0-1682  0*3232  2908 

0*0010  The  solution  became  dear,  but  no  reduction. 

00050  The  starch  was  not  at  all  altered  in  appearance. 

Here  there  is  stimulation,  followed  by  rapid  and  complete  stopping 
of  amylolytic  action. 

Zinc  sulphate. 


«>4+7HtC 

>. 

wt.  Ca  In  X. 

Total  amonnt 
reducing  bodies. 

Staroli 
converted. 

0 

0*1495  gram. 

0*3048  gram. 

27*43  per  cert. 

0*0003  per 

cent. 

0*1490 

.  0*3040 

27*36 

00005 

01510 

0*3088 

27*79 

0*0010 

0*1475 

0*3004 

27  03 

00020 

0*1440 

0*2936 

26*42 

0*0050 

0*1360 

0*2772 

24*94 

0*0100 

0*1260 

0*2576 

23-18 

0 

0*1375 

0*2800 

25-20 

0*05  per 

cent. 

00775 

0-1480 

13*32 

0*10 

0*0660 

01332 

11*98 

0*30 

0*0460 

0*0936 

8-42 

0*44 

0 

These  two  series  of  experiments  plainly  show  a  gradually  dimin- 
ished amylolytic  action,  as  the  percentage  of  the  zinc  salt  is  in- 
oreasedy  until  with  0*4  per  cent,  a  complete  stoppage  is  effected. 

Ejeldahlf  found  a  like  retarding  action  on  the  addition  of  zinc 
talpbate  to  a  malt  extract 

In  this  connection  it  is  interesting  to  note  that  Sternberg^  finds 
line  sulphate  devoid  of  germicide  value,  even  when  used  in  the 
proportion  of  20  per  cent. 


•  Journal  of  Physiology,  toI.  iv,  No.  I. 

f  Jahreabericht  fiir  Thierchemie,  1879,  p.  382. 

I  Amer,  Jour.  Me<J.  Sciences,  ApriJ,  }  883,  p,  330. 
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lerric  chloride. 
With  tbis  salt  we  obtained  tbe  following  results : 

Total  unonnt  SUrch 

FefClG'  ^^'  Co  in  M*  reducing  bodies.  conrerted. 

0  01740  gram.  0*3560  gram.  32*04  per  oeDt 

00005  percent.  01597  0*3260  29*34 

0*0020  00437  00908  817 

00100  00096  00236  2*12 

0*0250  0 

Sternberg  states  that  tincture  of  ferric  chloride  is  effective  as  a 
germicide  (upon  micrococcus)  when  present  to  the  extent  of  4  per 
cent  On  the  unformed  ferment  of  the  salivay  it  is,  as  the  results 
show,  much  more  active,  its  hindering  action  being  directly  propor- 
tional to  tbe  percentage  of  iron  salt  present. 

Ferrous  sulphate. 

With  this  salt  of  iron  quite  different  results  were  obtained ;  and 
as  we  wished  simply  to  compare  its  action  with  that  of  the  ferric 
salt,  only  very  small  percentages  were  experimented  with. 


F6804+1HtO. 

Wt.  Cq  In  )<. 

Toul  aiDoant 
reducing  bodies. 

SUrch 
converted. 

0 

0*1246  gram. 

0*2532  gram. 

22-78  per  cent 

00005  per  cent. 

0*1037 

0*2108 

18*97 

0*0020 

01323 

0*2692 

24*22 

0*0100 

0*1366 

0*2780 

26*02 

Here  there  is  decided  stimulation  with  the  two  larger  percentages, 
while  the  smallest  per  cent,  shows  an  apparent  decrease  of  amylolytic 
action. 

Kjeldahl*  found  that  this  salt  exercised  a  strong  hindering  action 
on  the  amylolytic  ferment  of  malt. 

Potassium  permanganate, 

Sternberg  places  this  salt  next  to  mercuric  chloride  in  germicide 
value,  it  being  efficacious  in  0*12  per  cent.  With  the  unformed  fer- 
ment of  the  saliva  it  is  likewise  active,  although  no  more  so  than 
many  other  salts  experimented  with.     Following  are  the  results: 


KtMntOg. 

wt.  Co  m  \i- 

ToUl  amonnt 
reducing  bodies. 

Suut;h 
converted. 

0 

01475  gram. 

0-3004  gram. 

2703  per  cent 

0005  per  cent. 

01012 

0*2060 

18-54 

0-025 

0 

*  Jahresbericht  fttr  Thierchemie,  1879,  p.  382, 
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Magnesium  sulphate. 
With  this  salt  we  obtained  the  following  results: 


llgS04+7H,0. 

Wt.  Cu  In  M. 

Total  amoant 
reducing  bodies. 

starch 
converted.      * 

0 

0*1476  gram. 

0*3004  gram. 

27*03  per  cent. 

0*026  per  cent 

0*1697 

0*3260 

29*34 

0*500 

0*0610 

0  1066 

9*60 

Here,  there  is  a  slight  increase  of  diastatic  action  with  the  smallest 
percentage,  while  0*5  per  cent,  of  the  salt  greatly  retards  the  action 
of  the  ferment. 

Pfeiffer*  has  likewise  noticed  the  retarding  effect  of  this  salt  on 
aaUTary  digestion. 

Potassium  cyanide. 

This  salt,  so  powerful  as  a  poison,  was  found  to  have  a  decided 
effect  also  on  the  salivary  ferment,  causing  a  rapid  decrease  in 
amylolytic  action. 


0 

KCN. 

Wt.  Co  In  H- 

Total  amount 
reducing  bodies. 

Starch 
oonrerted. 

0 

0*1246  gram. 

0*2632  gram. 

22*78  per  cent. 

00006  per  cent. 

01080 

0*2200 

19*80 

0*0010 

0*0896 

0*1828 

16*46 

0-0030 

00330 

0-0700 

6*30 

With  1*0  per  cent,  and  even  with  5'0  per  cent,  of  potassium 
cyanide,  the  starch  solutions  became  clear  on  the  addition  of  saliva, 
showing  that  the  ferment  was  able  to  effect  some  change,  although 
io  neither  case  were  any  reducing  bodies  formed. 

It  is  our  intention  at  some  future  time,  to  study  the  exact  nature 
of  the  products  formed  under  snch  conditions.  The  ferment  appears 
to  be  peculiarly  affected ;  for  while  a  very  small  percentage  of  a 
substance  like  potassium  cyanide  or  borax  will  completely  prevent 
the  formation  of  reducing  bodies,  increasing  the  amount  of  substance 
added  a  hundred-fold,'  has  no  effect  on  the  clearing  up  of  the  starch 
solution  by  the  ferment.  Some  light  may  be  thrown  upon  the  nature 
of  the  ferment  or  its  mode  of  action. 

Potassium  ferrocyanide. 
A  preliminary  experiment  showed  that  this  salt  was  less  active 
than  the  cyanide  and  therefore  larger  percentages  were  used,  with  the 
following  results: 

ToUl  amount  Starch 

l4Ft<CS)$+aHf  O.  Wt.  Cn  In  %.  reducing  bodies.  converted. 

0  0*1417  gram.  0*2884  gram.  26  96  per  cent. 

()o25  percent  0*1497  0*3062  27*46 

0100  0*1376  0*2800  26*20 

0*260  0*1026  0-2084  18*80 

♦  Centralbl.  Med.  Wiss.,  1886,  p.  328,  abstract 
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Here,  unlike  the  cyanide,  there  is  stimulation  of  the  ferment. 
Retardation  of  amylolytic  action  requires  much  larger  percentages ; 
thus  ro  per  cent,  of  ferrocyanide  completely  prevented  the  formation 
of  reducing  bodies,  although  soluble  starch  was  apparently  formed,  as 
also  in  the  presence  of  6*0  per  cent,  of  the  salt. 

Potassium  ferricyanide. 
The  action  of  this  salt  is  almost  identical  with  that  of  the  ferro- 
cyanide. 

Total  amount  Storcta 

KeFejCCN)!!.  Wt.  Ca  in  M-  reducing  bodlci.  conrertcd. 

0  01417  gram.  0-2$84  gram.  25-96  per  cent. 

0-026  percent  01516  03088  2'?-79 

0100        '  01296  0-2636  23*72 

0-250  0-0976  0*1984  17*85 

'  Like  the  ferrocyanide,  this  salt  in  1*0  and  6^0  per  cent,  solutions 
allows  the  partial  conversion  of  starch  into  soluble  products,  but 
no  reducing  bodies  are  formed. 

Potassium  nitrate  and  potassium  chlorate. 

Potusiam  Total  amonnt  Starch 

salt.  Wt.Cnln)^.  rednclnR  bodies.  coDTerted. 

0  0*1513  gram.  0-3080  gram.  27*72  percent. 

KNO3. 

0*20  percent       01560  0-3164  2847 

0-50  0-1528  0-3108  27-97 

100  0-1462  0-2976  26*78 

KClOj. 

0-20  0-1581  0-3228  2905 

0*50  01580  0-3228  2906 

1-00  01600  0-3268  2941 

With  6*0  per  cent,  of  the  salts,  the  following  results  were  obtained: 

PotasBlam  Total  amonnt  Starch 

salt  Wt.  Cnln)i.  reducing  bodies.  conrerted. 

0  0-1672  gram.         0*3416  gram.         30-74  per  cent 

KNO,  (60  pr.  ct)         01559  0-3176  28-58 

KClOs  (60  pr.  ct.)        01361  0-2752  24-76 

With  these  two  salts  it  is  very  obvious  that  small  fractions  of  one 
per  cent,  decidedly  increase  amylolytic  action  and  that  potassium 
chlorate  is  the  more  energetic  of  the  two  in  this  respect.  With  one 
per  cent,  of  the  salts,  potassium  chlorate  still  shows  increased  action, 
while  the  nitrate  causes  a  decrease  of  amylolytic  activity;  in  the 
presence  of  5  per  cent,  of  the  salts,  on  the  other  hand,  potassiam 
chlorate  causes  the  greatest  decrease  in  ferment  action. 

Of  these  two  oxidizing  agents,  potassium  chlorate  does  not  appear 
to  have  been  hitherto  experimented  with,  but  with  potassium^  pitrate 
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0.  Nasse*  found  increased  amylolytio  action  with  human  saliva  in 
the  presence  of  4*0  per  cent,  of  the  salt.  Possibly  this  difference  in 
oar  results  is  dependent  in  part  upon  difference  in  the  relative  amount 
of  salt  and  ferment. 

Sodium  tetraborate  [Na,B,0,-f  lOH.O]. 

With  this  salt  experiments  vrere  tried  with  quantities  varying  from 
0*050  to  3*0  per  cent,  and  in  each  instance  the  starch  was  dissolved, 
but  no  reducing  bodies  whatever  were  formed.  Dumasf  has  pre- 
rioosly  noted  a  like  retarding  effect  on  the  diastatic  action  of  emul- 
sin,  diastase  and  other  like  ferments.  Sternberg  states  that  this  salt 
is  without  germicide  value,  even  though  used  in  a  saturated  solution  ; 
its  antiseptic  power,  i  e.  its  capacity  for  preventing  the  multiplica- 
tion of  bacterial  organisms,  is,  however,  considerable. 

Potas^um  bromide  and  potassium  iodide. 
These  two  common  therapeutic  agents  gave  the  following  results : 


Salt  used. 

Wt.Ciiln3i. 

Total  ftmoant 
reandnslKKllM. 

Starch 
conyerted. 

0 

01483  gram. 

0*3020  gram. 

27-18  percent. 

KBr. 

0*6  per  cent. 

0-1666 

0-3192 

!88-72 

30 

01460 

0-2956 

26*60 

5-0 

01314 

0*2668 

23-61 

KI. 

0-5 

01550 

0-3164 

28-47 

30 

0*1567 

0-3172 

28-64 

5-0 

0-1467 

0-2984 

26-86 

Both  of  these  salts  show  a  stimulating  action  which  is  more  per- 
sistent in  the  case  of  the  iodide  than  with  the  bromide;  5*0  per  cent, 
of  the  bromide  causes  a  marked  diminution  of  amyloly  tic  action. 

Sodium  chloride. 

Previous  experiments  have  been  tried  with  this  salt  by  several 
m?estigators,  notably  by  O.  NasseJ  and  E.  Pfeiffer.§  The  former 
foond  that  the  presence  of  4*0  per  cent,  of  the  salt  [the  only  percent- 
age experimented  with]  caused  an  increase  in  the  ferment  action  of 
■aBva  [128:  lOO];  the  latter  experimenter  likewise  found  that  the 


♦  Pfldger's  Archiv.  far  Physiologie,  vol  xi,  p.  160. 
f  Berichte  der  deutach.  Ohem.  QeaelL,  vol  y,  p.  826. 
X  Pfluger's  Archiv  fCkr  Physiologie,  vol.  xi,  p.  166. 
§  Cenfcralbl  med*  Wisa.,  1885,  p»  329* 
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presenoe  of  the  salt,  in  oonoeDtrations  up  to  2  per  cent.,  greatly  in- 
creased the  amylolytio  action  of  saliva. 
Our  resnlts  with  different  percentages  are  as  foHows : 


NaCl. 

Wt.  On  In  )i. 

Total  amount 
redaclng  bodies. 

Starch 
converted. 

0 

0-1660  gram. 

0*3392  gram. 

30-52  per  cent 

0*3  per  cent. 

01765 

0-3608 

32-47 

05 

o-nso 

0-3680 

32-22 

10 

01715 

0-3504 

31-63 

20 

01715 

0-3504 

31-53 

30 

0-1770 

03620 

32-58 

60 

0-1630 

0-3332 

29-98 

These  accord  with  the  results  mentioned  above  and  show,  more- 
over, that  with  6*0  per  cent,  of  the  salt,  hindering  action  just  com- 
mences. Increasing  the  amount  of  salt  beyond  this  point|  however, 
only  slowly  diminishes  the  action  of  the  ferment ;  thus,  in  the  pres- 
ence of  lO'O  per  cent,  of  the  salt,  22*78  per  cent,  of  starch  was  con- 
verted into  sugar,  while  without  it  26*20  per  cent  of  starch  was 
converted. 

Morphine  sulphate. 
With  this  alkaloid  O.  Nasse*  has  experimented,  using,  however, 
the  acetate.     He  found  that  the  presence  of  0*1  per  cent,  of  the  salt 
caused  a  slight  increase  in  the  diastatic  action  of  saliva  (109 :  100). 
Our  results  with  the  sulphate  of  morphine  are  as  follows : 

Total  amount  Starcli 

redaclng  bodies.  converted. 

0-2532  gram.  22-78  per  cent 

0-2880  25-92 

0-3276  29-48 

0-2908  26-17 

The  stimulating  action  of  the  alkaloid  salt  up  to  2*0  per  cent,  is 
very  apparent. 

Quinine  sulphate. 
With  the  acetate  of  this  alkaloid,  Nasse  found,  by  the  use  of  0*1 
per  cent.,  an  increase  in  the  starch-converting  power  of  the  saliva 
(116  :  100).     With  the  sulphate  we  obtained  the  following  results : 


Alkaloid  lalt. 

wt.  Cn  in  H- 

0 

01 246  gram. 

0-06  per 

cent 

0-1416 

0-50 

0-1605 

2-00 

01428 

Alkaloid  salt.              Wt.  Cu  in  H- 

Total  amount 
redaclng  bodies. 

Starch 
converted. 

0                        01 358  gram. 

0'2768  gram. 

24-91  per  cent 

006  percent      01476 

0-3004 

27*03 

060                      0-1355 

0-2760 

24-84 

2-00                      00981 

0-1996 

17*96 

♦  Pfliiger*8  Archiv,  vol.  xi,  p.  161. 
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In  accord  with  Nasse's  result  we  see  that  0*05  per  cent,  increases 
the  amylolytic  action  of  the  ferment.  This  we  verified  by  an  addi- 
tiooal  ezperiment  which  led  to  a  like  result,  although  not  showing  so 
great  a  difference  as  the  preceding  one ;  thus,  while  the  saliva  alone 
coDverted  23*72  per  cent,  starch  into  reducing  bodies,  the  presence  of 
0*05  per  cent,  of  quinine  sulphate  led  to  the  conversion  of  24*58  per 
cent,  of  starch.  Voit,  as  quoted  by  v.  Boeck,*  has  stated  that  qui- 
nine is  without  influence  on  the  ferment  of  saliva. 


Cinchonine  sulphate* 

With  this  alkaloid,  previous  experiments  have  not  to  our  knowl- 
edge been  tried.     Our  results  are  as  follows : 

Total  amount  Starch 

Alkaloid  salt.             Wt.  CainM-          reducing  bodies.  converted. 

0                       0-1358  gram.         0-2768  gram.  24-91  per  cent. 

0-05  per  cent      01452                   0*2960  26*64 

0*50                       0-1455                     0-2964  26*67 

200                       0*1440                    0*2936  26*42 


Cinchonidine  sulphcUe. 

This  alkaloid,  like  the  cinchonine,  shows  a  steady  accelerating 
action  on  the  ferment. 


Alkaloid  udt. 

Wt.  Ca  In  H- 

Total  amoant 
rednclDg  bodies. 

Starch 
converted. 

0 

0*1358  gram. 

0-2768  gram. 

24-91  per  cent. 

0*05  per  ceot. 

0-1505 

0*3068 

27*61 

0-50 

0-1460 

0-2976 

26-78 

1-75 

01498 

0-3066 

27-50 

The  cinchona  group  of  alkaloids  thus  show  throughout  an  acceler- 
ating influence  on  amylolytic  action,  most  pronounced  in  the  case  of 
cinchonidine.  These  lUkaloids  have  long  been  known  to  prevent 
pntreCaction  and  to  check  alcoholic  fermentation  and  Binzf  has 
demonstrated  that  this  antiseptic  action,  in  the  case  of  quinine  at  least, 
is  doe  to  the  poisonous  influence  exerted  by  the  latter  upon  the  fungi 
which  are  the  immediate  cause  of  the  putrefactive  changes.  Couzen, 
moreover,  has  shown  that  the  action  of  cinchonine  on  infusoria  and 
on  fermentation  is  similar  to  that  of  quinine,  but  weaker.  Hence 
there  is  no  similarity  of  action  whatever,  on  the  two  kinds  of  fer- 
ments. 


♦  Zeitschrift  fOr  Biologie,  vol.  vii,  p.  428, 
f  Virchow'a  Arehiv,  vol  xlvi,  1869,  p.  68. 
I'RAOT.  CoKK.  AcAB.,  Vol.  vii.  10  Oct.,  1885. 
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Atropine  sulphate. 
With  this  alkaloid  we  obtained  the  following  resalts : 


calold  salt. 

wt  Co  111  M. 

Total  amonnt 
redaclng  bodies. 

BUrch 
converted. 

0 

0-1485  gram. 

0*3028  gram. 

27*25  per  cent. 

0-025  per 

cent 

0-1460 

0-2976 

26-78 

0-060 

01410 

0-2872 

26-62 

0-200 

01630 

0-3124 

28-11 

0-500 

0-1407 

0-2864 

25-77 

1000 

0-1476 

0-3004 

27-03 

2000 

01246 

0-2632 

22-78 

The  main  action  of  the  smaller  percentages  of  this  alkaloid  seems 
to  be  a  slightly  hindering  one,  although  there  are  one  or  two  irregu- 
larities in  the  results  which  are  not  readily  explainable.  In  the 
presence  of  2*0  per  cent,  of  atropine  sulphate  there  is  a  decided 
diminution  in  amylolytic  action. 

In  connection  with  this  alkaloid  we  have  to  note  some  recent  ex- 
periments of  Stolnikow*  of  St.  Petersburg.  This  investigator,  pro- 
ducing artificial  fever  in  dogs  by  the  injection  of  putrid  matter  into 
the  blood  found,  first,  that  the  salivary  and  pancreatic  secretions 
were  for  a  time  increased  in  amount  and  then  rapidly  diminished  and 
finally  entirely  ceased.  This  latter  action  of  the  septic  poison, 
Stolnikow  found  to  be  very  persistent  and  he  moreover  states  that 
in  physiological  action  the  septic  poison  resembles  atropine.  Yur- 
thermore  that  artificial  fever,  produced  as  described,  exercises  a 
decided  influence  on  the  content  of  ferments  in  the  pancreatic 
gland ;  that  in  fevers  of  short  duration  (2-10  hours)  the  ex- 
tract of  this  gland  has  a  more  energetic  ferment  action  than  the 
normal  extract,  while  in  fevers  of  long  duration  the  corresponding 
extract  has  a  much  weaker  action.  Overlooking  now  the  physiologi- 
cal explanation  suggested  for  these  facts  we  come  to  the  chemical 
one,  viz :  that  the  septic  poison  possibly  exerts  either  a  destructive 
or  hindering  influence  on  the  ferment  or  its  action.  In  support  of 
this  view,  Stolnikow  found  that  large  quantities  of  the  poison  did 
weaken  the  amylolytic  and  proteolytic  action  of  extracts  from  the 
pancreatic  gland,  although  small  quantities  of  the  septic  ferment 
were  without  action.  Likewise,  Stolnikow  states  that  small  quanti- 
ties  of  atropine  sulphate  are  without  action  on  a  glycerine  extract 
of  the  pancreas,  but  by  adding  to  10  c.  c.  of  a  fjlycerine  extract, 
5  c.  c.  of  a  3*0  per  cent,  atropine  sulphate  solution  and  allowing  the 
mixture  to  stand  at  the  ordinary  temperature  for  10  hours,  then  on 

*  Heitrage  zur  Lehre  von  der  Function  des  Pancreas  im  Fieber.  Virchow^s  Archiv, 
vol.  xc,  p.  389,  1882. 
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t«6tiiig  the  amylolytic  power  of  the  ferment  Us  action  was  found  to 
be  mach  weaker  than  the  control.  From  this  fact,  Stolnikow  consi- 
ders that  the  septic  poison  acts  apon  the  ferment  outside  the  body 
io  a  manner  similar  to  atropine. 

Now  it  is  obvious,  in  view  of  the  extreme  susceptibility  of  the 
ferments  of  the  saliva  and  pancreas  to  the  action  of  acids  and  alka- 
lies, that  the  atropine  solution  must  be  perfectly  neutral.  Several 
specimens  of  atropine  sulphate  that  we  have  examined,  have  had  a 
slight  acid  reaction. 

In  view  of  the  apparent  identity  of  the  amylolytic  ferments  of  the 
salivary  and  pancreatic  secretions  we  have  repeated  in  principle 
Stolnikow's  experiment  with  human  saliva,  using  perfectly  neutral 
atropine  sulphate. 

To  10  c  c.  of  the  dilute,  neutral,  saliva  hithert.o  used,  0'3  gram  of 
pure  atropine  sulphate  was  added  (=3'0  per  cent,  of  the  alkaloid 
salt,  while  Stolnikow's  mixture  contained  but  1*0  per  cent)  and 
the  solution  allowed  to  stand  for  18  hours  at  the  Laboratory  tempera- 
ture. On  now  being  added  to  the  starch  solution,  diluted  up  to  100 
c.  c.  [0-3  per  cent,  atropine  sulphate]  and  placed  at  40°  C.  for  30 
mmutes,  the  starch  paste  quickly  became  clear  and  it  was  found  on 
examination  that  20*16  per  cent,  of  starch  had  been  converted, 
while  the  control,  in  the  presence  of  0*2  per  cent,  of  atropine  sul- 
phate, showed  a  conversion  of  28*11  per  cent,  of  the  starch.  Hence 
there  had  been  no  destruction  of  the  salivary  ferment  by  even  3*0 
per  cent,  of  pure  atropine  sulphate,  although  as  our  previous  experi- 
ments show  very  much  smaller  percentages  may,  by  their  presence, 
hinder  the  action  of  the  ferment.  ' 

Strychnine  sulphate  and  brucine  sulphate, 
O.  Nasse  has  previously  studied  the  influence  of  0*1   per  cent, 
strychnine  acetate  on  the  diastatic  action  of  saliva  and  has  noted  a 
slight  increase  in  amylolytic  action  in  the  presence  of  the  strychnine 
[109: 100].     Our  results  with  the  two  alkaloids  are  as  follows: 


Alkaloid. 
0 

StiychDine  sulphate. 
0-060  per  cent 

Wt.Ciiin5i» 
01485  gram. 

0-1444 

Total  amoiiDt 
redndmr  bodleg. 

0-3028  gram. 
0-2936 

Starch 
oonyerted. 

2T'26  per  cent 
26-42 

0*260 

0-1448 

0-2936 

26-42 

060« 

01462 

0-2976 

26-78 

Bincme  salpbate. 

0*060  per  cent 

0-1503 

0-3060 

27-64 

0-600 

01624 

0-3100 

27-90 

xooo 

01606 

03060 

27-64 
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With  the  brucine  salt  a  slightly  increased  action  is  noticed  in  all 
three  of  the  experiments;  while  with  strychnine  a  constant  diminu- 
tion in  amylolytic  action  is  to  be  seen. 

In  this  connection  it  is  to  be  remembered,  that  a  trace  of  free  acid 
in  the  alkaloid  salts  would  introduce  an  appreciable  error  into  the 
results,  and  therefore  all  of  the  alkaloid  salts  experimented  with, 
were  especially  purified  for  this  purpose,  any  adhering  acid  being 
removed  by  repeated  crystallization,  etc. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  various  salts  (the  percentages  more  generally  used)  compared 
with  their  controls  expressed  as  100. 

Table  showing  relative  amylolytic  action. 


HgCl, 

HgBr, 

Hgl,  

Hg(CN),  ...   

CuS04  +  5H,0 

Pb(C,H,0,)a-f3HaO- 

A8,0, 

H.AsO* 

(NH4),A804 

K(SbO)C4H40« 

SnCl, 

ZnS04  +  THaO 

FeaCl. 

FeS044-7H,0 

KaMnaOe 

MgS04  +  7HaO 

KCN 

K4Fe(CN),  +  3H,0-.. 

K«Fe>(ON)xa 

KNO, 

KCIO, 

KBr 

KI 

NaG 

Na,B4OT  +  10H,O 

(Mo)«.HaS04  +  5HaO 
(Q),.HaS04  +  7HaO.. 
(Ci),.HaS04  +  2H,0  . 
(Cidine)a.HaS04  +  3HaO 

(At),.HaS04 

(Sr),.HaS04  +  6HaO  . 
(Br)a.HaS04  +  HaO  -- 


(HKI06, 0-0005 
p.  c.      p.  c. 


94-3 


50-8 

88-9 


106-2 

I  840 

1007100-3 
102-2  104-4 
....1100-5 
....  106-2 


107-6|  .. 
99-7  101-3 
.:.-  91-5 
....1^83-2 


86-9 


0-001  , 
p.  c. 


0-OOS 
p.c. 


38-2 


69-6 

97-r 

111-7 


16-7 
27-3 
91-2 
96-9 
I   3 1 .3 

100' 3 1  97-7 
100  0  106-6 

93-0 

1070' 

104-6 

0    , 

98-5 


'i 


96-3 

25-6 

106-3 


72-2! 


0-005     Oi)lO 
p.  c.  I  p.  c. 


15-4 
86-7 


85-2i 

94-2; 
0  i 
109-6i 
107-9114-5 


90-9|  84-6 

6-61 

|l09-8 

68-5|  .... 


fr026     0-06 
p.  c.  I  p.  c. 


77-6 
99'5 


111-4    85-8 
114-5 


0 
108-5 


106-7 
107-0 


98.2 


62-8 


0 
113-7 
108-5 
106-9 
110-8 
940 
96-9 
101-0 


0-1 
p.c. 


98-6 


66-6 
120-2 


47-5 


97*0 
91-3 


0-5 

p.c. 


88-9 


10-5 
168-3 


35-1 


100-9 
104-8 
105-6 
104-7 
105-5 


129-4 
99-7 

107-0 

107-6 
94-6 
98-2 

102-4 


1-0 
p.c. 


78-6 


0 
101-6 


96-6 
1060 


103-3 


991 

i'oV-6 


fa 
p.c. 


....    2Si 


79-4  30i 


....  9^^ 
m 

....  H 

....  m 

103-4  ^^i 


114J» 

721 

106-6 


83-5  .,.. 


i- 
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Influence  of  gases  on  the  amylolytie  action  of  saliva. 

The  well  known  analysis  by  Pfltlger  *  of  the  gases  of  the  submax- 
illary saliva  have  shown  the  presence  of  both  oxygen  and  carbonic 
icid  in  this  secretion ;  oxygen  to  the  extent  of  06  vol.-per  cent,  and 
carbonic  acid,  by  pump  extraction,  22*5  vol.-per  cent.  It  is,  moreover, 
a  well  known  fact  that  as  the  saliva  flows  into  the  mouth  and 
becomes  mixed  with  the  food  during  mastication  much  air  is  ab- 
sorbed. Do  these  three  gases  exert  any  influence  on  the  amylolytie 
action  of  the  ferment  with  which  they  are  so  constantly  in  contact  ? 

Agam,  the  amylolytie  ferment  of  the  pancreatic  secretion,  so  near 
akin,  it  not  identical  with  the  salivary  ferment,  is  subjected  to  the 
inflaence  of  the  reducing  gases  of  the  intestinal  canal,  among  which 
hydrogen  may  be  present  to  the  extent  of  22*0  f  vol.-per  cent,  and 
hydrogen  sulphide  in  traces.  What  likewise  is  the  effect  of  these 
two  gases  on  amylolytie  action  ? 

The  experiments  were  conducted  as  follows:  90  c.  c.  of  diluted 
starch  paste  were  placed  in  small,  partially  stoppered  flasks  and  a 
stream  of  the  gas  allowed  to  pass  through,  until  the  fluid  was  thought 
to  be  saturated,  then  10  c.  c.  of  dilute  saliva  were  added  and  the  gas 
allowed  to  bubble  through  the  solution  for  30  minutes  when  the 
mixtures  were  boiled  and  the  reducing  bodies  determined.  Follow- 
ing are  the  results : 

GftM*.  Wt.  Cq  In  )<. 

0  0*1319  fntun. 

Air 0-1366 

Oxygen 01511 

Carbonic  add 0-1637 

Hjdrogen  sulphide 0-1377 

Hydrogen 01248 

It  is  interesting  to  see  that  air,  oxygen  and  carbonic  acid  all  stimu- 
late and  approximately  in  proportion  to  the  extent  in  which  they  are 
present  in  the  natural  secretion^  while  of  the  reducing  gases  hydro- 
gen retards  and  hydrogen  sulphide  stimulates. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  several  gases,  compared  with  the  control,  expressed  as  100. 

Air 103-6 

Oxygen 114*7 

Carbonic  add 116-8 

Hydrogen  snlphide 104.4 

Hydrogen 94*6 

*  PbyBiologische  Chemle,  Hoppe-Seyler,  p.  192. 

f  Maly  in  Hennann's  Handbuch  der  Physiologie,  vol,  v,  p.  25. 


Total  AmouDt 
reducing  bodies. 

SUrch. 
converted. 

0  2684  gram. 

24-3  6  per  cent 

0-2780 

25-02 

0-3080 

27-72 

0-3136 

28-22 

0-2804 

25.23 

0-2540 

22-86 
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In  accord  with  our  results,  Detmer"**  has  foand  that  the  presence 
of  carbonic  acid  invariably  increases  the  aroylolytic  action  of  the 
diastase  of  malt.  The  same  fact  was  previously  observed  by  Bas- 
witz.f  O.  Nasse,J  however,  has  stated  that  the  activity  of  ptyaline 
in  human  mixed  saliva  is  not  materially  affected  by  oxygen,  hydro- 
gen or  air.  With  carbonic  acid,  however,  he  noticed  acceleration  in 
amylolytic  action. 

Nature  of  the  action  of  the  metallic  and  other  salts. 

In  what  manner  do  the  metallic  and  other  salts  act  when  they,  by 
their  presence,  retard  or  completely  stop  the  amylolytic  action  of 
saliva?  Is  it  a  process  of  gradual  or  sudden  destruction  of  the  fer- 
ment, or  does  the  metallic  salt  combine  with  the  ferment,  forming  a 
compound  incapable  of  ferment  action?  or  again,  is  the  ferment 
mechanically  thrown  down  with  the  precipitate  of  albumin  or  globu- 
lin produced  by  the  addition  of  the  metallic  salt  to  saliva,  or  lastly 
does  the  salt  by  its  mere  presence  introduce  a  condition  unfavorable 
to  the  action  of  the  ferment  ?  All  of  these  questions  are  interesting 
ones,  and  possibly  all  of  them  might  be  answered  in  the  affirmative 
and  be  correct  for  some  one  or  more  of  the  substances  experimented 
with. 

It  is  obvious  that  the  presence  of  10  or  20  per  cent,  of  such  a  salt 
as  sodium  chloride  or  potassium  nitrate  in  a  digestive  mixture  might 
retard  the  action  of  the  ferment,  since  solutions  so  saturated,  even 
with  the  products  of  digestion,  do  not  admit  of  vigorous  ferment 
action.  But  the  larger  number  of  metallic  salts  decidedly  retard 
amylolytic  action  when  present  to  the  extent  of  only  a  few  thou- 
sandths of  one  per  cent.,  consequently  their  action  must  be  of  an 
entirely  different  nature.  A  number  of  these  salts,  such  as  mercuric 
chloride,  are  well  known  precipitants  of  albumin,  but  the  saliva  being 
so  greatly  diluted,  in  great  part  for  this  very  reason,  cannot  yield 
sufficient  precipitate  with  the  mercury  salt  to  mechanically  precipi- 
tate the  ferment.  As  a  matter  of  fact,  when  the  mercuric  chloride 
solution  is  added  to  the  diluted  saliva,  a  very  faint  turbidity  only, 
is  produced.  If  now,  some  of  the  small  percentages  of  mercuric 
chloride  are  added  to  the  starch  solution  and  then  larger  quantities 
of  saliva^  thus  giving  a  larger  amount  of  ferment  together  with  a 
larger  amount  of  accompanying  albumin  and  globulin,  what  would 

*  Zeitschrift  1^  phjsiol  Chemie,  vol.  vii,  p.  3. 

f  Berichte  d.  deutsch.  chem.  Gesell.,  vol.  xi,  p.  1443. 

J  PflCiger'B  Archiv,  vol  xv,  p.  471-481. 
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be  the  effect  on  the  amylolytio  aotion  of  the  ferment  ?  Might  we  not 
expect,  knowing  that  albumin  and  mercuric  chloride  readily  combine, 
that  the  proteid  matter  present  in  the  saliva,  would  serve  as  a  shield 
to  protect  the  ferment  from  the  action  of  the  mercury  or  other  similar 
metallic  salt  ?  At  the  same  time  it  might  be  supposed  that,  the  fer- 
ment being  left  intact,  any  mercury-albumin  compound  formed  might 
retard  or  destroy  the  ferment,  though  less  energetically  than  the 
metallic  salt  alone. 

In  an  attempt  to  throw  some  light  upon  these  points  the  following 
expeiiments  were  tried : 

Action  of  mercuric  chloride  in  the  presence  of  larger  amounts  of 

ferment  and  proteid  matter. 

a.  with  10  c.  c.  of  original  saliva. 


HfCl,. 

Wt.  On  in  M- 

Total  amount 
redoctng  bodies. 

Storch 
conyerted. 

0 

0*1772  gram. 

0*3624  gram. 

32*61  per  cent 

0*0005  per  cent 

01736 

0*3648 

31-93 

0-0010 

01696 

0-3464 

31*16 

h.  with  5  a  c  of  original  saliva. 
0  0*1720  gram.  0*3616  gram.  31*64  per  cent. 

0*0006  per  cent         0*1340  0*2728  24*56 

Comparing  these  results  with  those  previously  obtained  with  the 
same  percentages  of  mercuric  chloride,  but  with  2  c.  c.  of  original 
saliva,  we  have : 

HsClf.  2c.cuUTa.  SccsallTa.  lOco.  sallTa. 

0                            44'2S  per  cent          31*64  per  cent  32*61  per  cent 

00005  per  cent          23*40                          24*65  31*93 

0H)01  16*92  31*16 

The  intensity  of  action  of  the  mercuric  chloride,  say  0*0005  per 
cent,  in  the  three  cases/  varies  greatly ;  thus  with  2  c.  c.  of  saliva  the 
difference  in  the  percentage  of  starch  converted,  between  the  control 
and  the  0*0005  per  cent,  is  20*88,  while  with  5  c.  c.  of  saliva  the  differ- 
ence is  7*09  and  with  10  c.  c.  of  saliva  only  0*68.  Obviously  then,  the 
action  of  a  given  percentage  of  mercuric  chloride  can  be  considered 
as  constant  only  for  a  given  mixture  or  under  definite  conditions. 
Moreover,  it  would  appear  (in  the  10  c.  c.)  that  either  the  albuminous 
matter  of  the  saliva  has  combined  with  all  of  the  mercury,  leaving 
the  ferment  free  to  act  in  a  normal  manner,  except  so  far  as  it  is 
impeded  by  the  mercury-albumin  compound,  or  else  that  only  a  small 
proportion  of  the  ferment  has  been  chemically  precipitated,  leaving  an 
amount  sufficient  for  energetic  amylolytio  actioni  sincci  as  is  well 
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known,  increase  or  decrease  in  the  amoant  of  ferment  is  not  always 
followed  by  a  proportionate  change  in  the  amoant  of  reducing  bodies 
formed.  Of  these  two  views  the  former  is  by  far  the  most  probable. 
Certainly  the  ferment  is  not  mechanically  precipitated  by  the  formation 
of  a  mercury-albumin  prcipitate;  if  such  were  the  case  with  10  c.c.  of 
saliva  and  0*001  per  cent,  of  mercuric  chloride,  decided  retardation 
ought  to  have  been  observed. 

Action  of  cupric  sulphate  in  the  presence  of  larger  amounts  of 
ferment  andproteid  matter, 

a.  wita  10  c.  c.  saliva. 


CaS04+5H9  0. 

Total  amoant 
Wt.  Cu  Id  J<.               reducing  bodies. 

starch 
converted. 

0 

0*1830  gram.            0*3748  gram. 

33*73  per  cent 

0*0006  per  cent 

0*1775                       0*3628 

32*66 

Difference, 

1*08 

d.  with  5  c.  c.  saliva. 

0 

0*1746  gram.            0*3668  gram. 

32*11  percent. 

0*0006  per  cent. 

0*1640                       0*3352 

Difference, 

30*16 

1*95 

c.  with  2  c.  c.  saliva. 

0 

0*1645  gram.            0*3360  gram. 

30*24  per  cent 

0*0006  per  cent. 

01140                       0*2320 

20*88 

Difference,  9*36 

Action  of  zinc  sulpJuxie  in  thepresetice  of  larger  amounts  of  ferment 
and  proteid  matter. 

a.  with  10  c.  c.  saliva. 


ZuS04-f7HtO. 

wt.  Cu  In  M- 

Toul  amount 
reducing  bodies. 

8Urch 
conycrted. 

0 

01 830  gram. 

0*3748  gram. 

33*73  per  cent 

0  05  per  cent 

01737 

0*3552 
Difference, 

31*96 

1*77 

&.  with  5 

c.  c.  saliva. 

0 

01745  gram. 

0*3568  gram. 

32*11  percent 

0  05  per  cent 

01610 

0-3288 
Difference, 

29-59 

2*52 

c.  with  2 

c.  c.  saliva. 

0 

01 646  gram. 

0*3360  gram. 

30*24  per  cent 

005  per  cent 

01320 

0*2688 

24.19 

Difference, 

6*05 
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Glancing  at  the  differences  in  these  two  series  of  experiments,  we 
see  that  they  accord  with  what  was  observed  in  the  case  of  mercuric 
chloride,  viz :  that  a  given  percentage  of  the  metallic  salt  will  pro-  ^ 
dace  a  constant  result  only  under  definite  conditions ;  increasing  the 
proportion  of  albuminous  matter  diminishes,  as  in  the  case  of  the 
mercury  salt,  although  not  so  greatly,  the  retarding  action  of  the  salt. 

Evidently,  the  metallic  salts  do  not  act  upon  the  ferment  by  their 
mere  presence,  for  if  such  were  the  case  the  mere  combination  of  the 
salt  with  the  albumin  present,  would  not  so  materially  affect  the 
result  If,  on  the  other  hand,  they  do  act  by  combining  with  the 
ferment,  forming  it  may  be  an  insoluble  compound  or  one  incapable 
of  ferment  action,  it  is  fair  to  presume  that  the  combination  would 
take  place  immediately  upon  mixing  the  two  or  very  soon  thereafter, 
and  thus  we  should  expect  that  the  length  of  time  the  two  stood  in 
contact  after  the  first  few  minutes,  would  have  no  effect  on  the  amyl- 
oljtic  power  of  the  mixture,  while  a  gradual  destructive  action  would 
be  manifested  by  a  gradual  decrease  of  amylolytic  power.  With  a 
view  to  testing  this  point  we  have  tried  the  following  experiment. 
Three  mixtures  were  prepared  as  follows : 

A.  B.  a 

Saliva 2  c.  c.  2  c.  c.  2  c.  c. 

H,0 8  7  8 

Hga,  sol 0  12 

10  10  10 

Per  cent  HgCl, 0  0005  0-010 

These  were  placed  in  a  bath  and  warmed  at  40°  C.  for  18  hours, 
after  which  1  c.  c.  of  the  same  mercuric  chloride  solution  was  added 
to  A  and  then  starch  and  water  added  to  all  three,  making  the 
volame  in  each  case  up  to  1 00  c.  c.  The  mixtures  were  then  warmed 
at  40^  C.  for  thirty  minutes  to  test  the  activity  of  the  ferment ;  A 
containing  now  0*0006  per  cent,  mercuric  chloride,  -B  the  same  per- 
centage and  C  O'OOl  per  cent..  In  A^  19*8  per  cent,  of  the  starch 
was  converted  into  reducing  bodies,  while  in  JB  and  C  there  was  no 
imylolytic  action  whatever.  Thus  by  the  previous  action,  for  this 
lehgth  of  time,  of  0*005  per  cent,  mercuric  chloride,  the  ferment  was 
rendered  incapable,  on  subsequent  dilution,  of  exerting  any  diastatic 
action  whatever. 

Again,  in  a  similar  manner  it  was  found  that  by  warming  the 
saliva  for  thirty  minutes  at  40®  C.  with  0*006  per  cent,  mercuric 
chloride  and  then  adding  starch  paste  and  diluting  to  100  c.  c.  so 

TRA58.  CoHH.  Acad.,  Vol.  VII.  11  Oct.,  1885. 


82  Chittenden  and  PaitUer — Influence  of  TTierapeiUic 

that  the  percentage  of  mercuric  chloride  was  0*0006,  only  2*0  per 
cent,  of  the  starch  was  converted,  while  the  same  quantity  of  saliva, 
in  the  presence  of  the  same  amount  of  mercury  salt  (0*0006  per  cent) 
converted  19*69  per  cent,  of  starch. 

Working  with  larger  amounts  of  saliva,  the  following  results  were 

obtained : 

A.  B.  a 

Saliva 10  c.  c.  lOca  10  c.  c. 

H,0 16  15  16 

HgClaSOl 0  1  1 

26  26  26 

Per  cent.  HgCl, 0  0002  0002 

-B  was  warmed  at  40**  C.  for'15  minutes  and  C  for  30  minutes;  then 
1  c.  c.  of  the  mercuric  chloride  solution  was  added  to  A,  and  all  three 
diluted  and  mixed  with  starch  paste.  The  three  solutions  were  now 
exactly  alike;  all  contained  the  same  percentage  of  mercury  salt 
(0*0006  per  cent.)  but  J?  and  C  had  been  previously  warmed  with 
the  salt  for  16  and  30  minutes  respectively.  A^  converted  31*32  per 
cent,  of  the  starch,  £  29*48  per  cent,  and  C  27*97  per  cent.  Here 
we  have  what  appears  to  be  a  gradual  decrease  in  amylolytic  power, 
but  it  does  not  seem  sufficiently  pronounced  to  account  for  the  action 
of  the  mercury  salt.  It  would  appear  rather,  in  this  instance,  as  if  the 
mercuric  chloride  exercised  a  selective  action,  combining  with  the 
proteid  matter  of  the  saliva,  leaving  the  ferment  free ;  but  the  mer- 
cury-proteid  compound,  being  apparently  possessed  of  some  destruc- 
tive action,  exerts  its  influence,  and  thus  the  gradual  decrease  of 
amylolytic  power  noticed  in  B  and  C. 

In  the  previous  experiments,  on  the  other  hand,  where  free  mer- 
curic chloride  is  present,  there  not  being  sufficient  albumin  to  com- 
bine with  all  of  the  mercury,  there  is  apparently  destructive  action. 

Experiments  of  like  nature  as  the  preceding,  tried  with  cupric 
sulphate,  gave  the  following  results: 

A.  B.  c.  D. 

Saliva 2  c.  c.  2  c.  c.  2  c.  c.  2  c.  c 

HaO 18  n-8  17-8  n-8 

CuSO*  Bol 0  0-2  0-2  0-2 

20  200  200  200 

Percent.  CuSO*---       0  00005  00006  0-0006 

B  was  warmed  at  40°  C.  for  1 6  minutes,  C  for  30  minutes  and  D 
for  1  hour ;  0*2  c.  c.  of  the  cupric  sulphate  solution  was  then  added 
to  A  and  lastly  starch  paste  and  water  to  100  c.  c.     The  amylolytic 
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power  of  the  four  mixtares,  expressed  in  the  percentage  of  starch 
converted,  was  as  follows: 

A.  B.  C,  D. 

28-72  22-35  33*04  20*23 

With  zinc  sulphate,  somewhat  similar  results  were  obtained: 

A,  B.  C. 

Saliva 2  c.  c.  2c.c.  2c.c 

H,0 18  16  16 

Zn80«8ol 0  2  2 

20  20  20   . 

PeroentZnSO^ 0  006  005 

B  was  warmed  at  40*  C  for  30  minutes  and  C  for  1  houf ;  then  2 
a  a  of  the  zinc  sulphate  solution  were  added  to  Ay  and  all  three 
mixed  with  starch  paste  and  water  to  1 00  c.  c.  Each  now  contained 
O'Ol  per  cent,  zinc  sulphate  and  all  three  were  then  warmed  at 
40*  C.  for  30  minutes,  to  determine  the  activity  of  the  ferment.  A^ 
converted  22*24  per  cent,  of  the  starch,  B  11*88  per  cent,  and  C 
10-98  per  cent. 

These  experiments  would  therefore  indicate,  on  the  part  of  the 
metallic  salts  experimented  with,  a  destructive  action  towards  the 
fennent,  though  loss  of  amylolytic  power  under  the  conditions  of  the 
experiments  might  also  be  due  to  more  complete  precipitation  of  the 
ferment  in  the  more  concentrated  solution  and  under  longer  exposure 
to  a  temperature  of  40°  C.  At  the  same  time  it  is  to  be  noticed,  that 
any  metallic-proteid  compound  formed  with  the  above  salts,  has  a  far 
less  destructive  or  retarding  action  than  the  free  salt.  Of  these,  the 
destructive  action  of  mercuric  chloride  is  most  pronounced. 

Potassium  permanganate  acts,  doubtless,  by  direct  destruction  of 
the  ferment  through  oxidation,  while  many  of  the  alkali  and  alkali- 
earth  salts  produce  their  retarding  effects  by  simple  clogging  of  the 
digestive  fluid;  but  the  fact  that  0*5  per  cent,  of  one  salt,  as  potassium 
antimony  tartrate,  for  example,  increases  the  amount  of  starch  con- 
verted 68  per  cent.,  and  05  per  cent,  of  another  salt,  as  magnesium 
sulphate,  diminishes  the  amount  of  starch  converted  by  65  per  cent, 
plainly  indicates  that  there  is  something  in  the  presence  of  these  salts, 
dependent  upon  chemical  constitution,  that  controls  the  action  of  the 
ferment. 


VI. — Influence  of  Various  Inorganic  and  Alkaloid  Salts  on 
THE  Proteolytic  Action  of  Pepsin-hydrochloric  Acid.      By 

R.    H.    CHnTENDEN    AND   S.    E.    AlLEN. 

Although  many  experiments  have  been  tried  to  ascertain  the 
influence  of  various  salts  on  ferment  action  since  1870,  when  Liebig* 
recorded  the  statement  that  the  fermentative  power  of  yeast  is 
somewhat  increased  by  a  little  potassium  or  sodium  chloride,  few 
systematic  experiments,  with  a  large  variety  of  salts,  have  been  made 
with  the  ferment  of  the  gastric  juice. 

Alex.  Schmidt  t  in  1876  studied  the  influence  of  sodium  chloride 
on  the  digestive  action  of  pepsin  and  hydrochloric  acid.  Wolberg  J 
in  1880  studied,  with  the  same  ferment,  the  action  of  ammonium, 
potassium  and  sodium  salts  of  nitric,  hydrochloric  and  sulphuric 
acids  and  also  the  action  of  several  alkaloids.  Wernitz§  and  also 
Petit||  have  studied  the  action  of  several  metallic  salts.  Still  later, 
Pfeifler^  has  examined  the  influence  of  several  alkali  and  alkali-earth 
salts  on  the  digestive  action  of  pepsin  as  well  as  of  other  ferments. 
Isolated  experiments  with  single  salts  have  likewise  been  recorded ; 
these  will  be  noticed  later  on. 

It  is  thus  seen  that  almost  all  work  in  this  direction  has  been  done 
with  salts  of  the  alkali  and  alkali-earth  metals.  No  systematic 
attempt  has  been  made  to  ascertain  the  influence  on  gastric  diges- 
tion of  the  large  number  of  metallic  salts,  in  common  use  as  poisons 
or  therapeutic  agents.  With  the  exception  of  a  few  isolated  cases, 
no  accurate  data  are  recorded  bearing  on  this  question.  Observation 
has  led  to  the  belief  that  certain  metallic  salts  interfere  with  diges- 
tion in  the  stomach,  but  few  quantitative  results  are  recorded  to 
show  the  truth  of  such  a  belief. 

*  Ueber  Oahrung,  Quelle  der  Muskelkraft  und  Emabrung.  Separatdbdrnck  aas  deo 
Annalen  der  Ghemie  u.  Pharmacie,  1870,  p.  61. 

f  Pfluger's  Archiv,  vol.  xiii,  p.  97.  Ueber  die  Beziebung  des  Kochsalxee  ni 
einlgen  thierisohen  Fennentatioxisprocessen. 

X  PflOger's  Archiv,  vol.  xxii,  p.  291.  Ueber  den  Einfluss  einiger  Salze  und  Alka* 
loiden  auf  die  Yerdauung. 

§  Quoted  by  Brunton.    Pbarmacologyi  p.  85-86. 

I  Etudes  lur  les  ferments  digestifs.  Abstract  in  Jabresbericht  fur  Thierchemit, 
1880,  p.  309. 

^  Ueber  den  Einfluss  einige  Salze  auf  verschiedeDe  kunstlicbe  VerdauungsYorg&oge. 
Abstract  in  CentralbL  med.  Wiss.,  1885,  p.  328. 
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Our  aim  has  been,  therefore,  to  study  more  particularly  the  com- 
parative influence  on  gastric  digestion  of  various  percentages  of 
thoee  salts,  well  known  as  poisons  or  therapeutic  agents,  which  have 
hitherto  been  overlooked  or  but  imperfectly  studied.  At  the  same 
time  in  order  to  make  the  work  more  complete,  we  have  studied 
somewhat,  the  action  of  the  alkali  salts,  experimented  with  by  other 
observers. 

Method  employed. 

The  experiments  were  conducted  in  series,  in  which  one  of  each 
series  served  as  a  control  for  comparison.  The  artificial  gastric  juice 
employed,  was  made  from  0*2  per  cent,  hydrochloric  acid  and  a 
glycerine  extract  of  pepsin,  in  the  proportion  of  10  c.  c.  of  the  latter 
to  1  litre  of  the  former.  The  volume  of  each  digestive  mixture  was 
50  c.  c. ;  made  up  of  25  c.  c.  of  the  above-mentioned  gastric  juice  and 
25  c.  c.  of  0*2  per  cent,  hydrochloric  acid,  containing  the  salt  to  be 
experimented  with.  The  material  to  be  digested,  consisted  of  puri- 
fied and  dried  blood-fibrin,  prepared  by  thorough,  washing  with 
water,  extraction  with  cold  and  boiling  alcohol  and  lastly  with  ether. 
It  was  then  ground  to  a  coarse  powder  and  dried  at  100-110°  C.  1 
gram  of  the  fibrin  was  used  in  each  experiment.  The  digestive  mix- 
tnres  were  warmed  at  40°  C.  for  two  hours,  then  filtered  upon 
weighed  filters  by  the  aid  of  pumps,  the  residue  washed  thoroughly 
with  water,  lastly  with  alcohol,  and  finally  dried  at  100-110°  C.  until 
of  constant  weight  (48  hours).  The  amount  of  fibrin  digested  or  dis- 
solved, is  a  measure  of  the  proteolytic  action. 

Cupric  sulphate. 
With  this  salt  two  series  of  experiments  were  made ;  one  to  ascer- 
tain the  influence  of  small  quantities,  the  other  to  show  the  effects  of 
larger  amounts  of  the  substance. 


C«04+fiH, 

fO. 

Undiffestod 
reBTdne. 

Flbrtn 
dlirested. 

Relative  proteo- 
lytic action. 

0 

0-2854  gram. 

71*46  percent. 

1000 

0001 

per  cent 

0-2508 

74-92 

104-8 

0-005 

0-2650 

73-50 

102-8 

0010 

0-3067 

69-33 

970 

0-025 

03845 

61-55 

86-1 

0050 

0-3877 

61-23 

85-6 

0 

0-2352 

76-48 

1000 

01 

0-5316 

46-85 

61-2 

0-3 

0-7585 

24-15 

31-5 

0-5 

0-7976 

20-24 

26-4 

0-8 

0-8214 

17-86 

23-3 

1-6 

0-8480 

15-20 

19-8 
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The  action  of  the  salt  is  very  marked ;  with  even  0*010  per  cent 
there  is  a  dimination  in  proteolytic  action  amounting  to  3*0  per  cent, 
while  in  the  presence  of  0*6  per  cent,  of  the  salt,  there  is  retardation 
to  the  amount  of  nearly  76  per  cent.  The  copper  salt  prevents 
almost  entirely  the  swelling  of  the  fibrin  and  doubtless  its  retarding 
action  is  due  in  part  to  this  fact. 

Lead  acetate. 

In  view  of  the  frequent  cases  of  chronic  poisoning  with  lead  salts, 
the  influence  of  the  acetate  on  gastric  digestion,  seems  especially 
interesting.  The  results,  moreover,  show  decided  action  on  the  part 
of  the  salt;  with  small  fractions  of  a  per  cent,  pronounced  increase 
in  proteolytic  action  is  to  be  doticed,  while  beyond  0*6  per  cent 
there  is  sudden  and  almost  complete  cessation  of  ferment  action. 
In  this  respect,  the  salt  acts  very  differently  from  the  copper  salt, 
with  which  a  more  gradual  diminution  is  observed.  The  two  largest 
percentages  of  the  lead  salt  prevented  entirely  the  swelling  of  the 
fibrin. 


HaO,),- 

f8H,0. 

reaklae. 

Fibrin 
digested. 

RelttiTe  proteo- 
lytic action. 

0 

0-1936  gram. 

80-64  per  cent. 

100-0 

0001 

per  cent. 

01592 

84-08 

104-2 

0-005 

0-1892 

81-08 

100-5 

0010 

01781 

82-19 

101-9 

0025 

01691 

83-09 

1030 

0 

0-2140 

78-60 

100-0 

01 

0-2310 

76-90 

97-8 

0-3 

0-4523 

54-77 

69-6 

0-6 

0-7419 

25.81 

32-8 

0-8 

0-9779 

2-21 

2-8 

1-6 

0-9938 

0-62 

0-7 

Mercuric  cfdoride. 

This  salt,  which  showed  such  a  marked  action  on  the  amylolytic 
ferment  of  the  saliva,  causes  a  like  diminution  of  proteolytic  action 
in  the  case  of  pepsin  ;  even  with  0*001  per  cent,  there  is  retardation 
to  the  extent  of  over  6  per  cent,  calling  the  action  of  the  control  100. 

Petit*  very  erroneously  states  that  mercuric  chloride  up  to  0*4  per 
cent,  does  not  hinder  the  action  of  pepsin. 


♦  fitudes  sur  les  ferments  digestifs.     Abstract  in  Jahresbericht  fur  Thierchemif , 
1880,  p.  309. 
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Undigested  Fibrin  BelatiTe 

HjcClf.  resldae.  dlgeuted.  proteolytic  action. 

0  0-3759  gram.  62*41  per  cent.         lOO'O 

0*001  per  cent  0*4140  58*60  93*8 

0005  0-4210  6T-90  92-7 

0  0-1307  86-93  1000 

0*1  0-4766  52-35  00*2 

0-5  0-9007  9*93  114 

1*0  1-0495  0  0 

M.  Marie*  has  previously  experimented  with  mercuric  chloride 
and  has  likewise  found  that  small  quantities  of  the  salt  exercise  a 
•retarding  action  upon  gastric  digestion;  that  as  the  percentage  of 
corrosive  sublimate  is  increased,  the  retarding  action  is  cori^espond- 
ingly  increased,  although  this  effect  is  diminished  up  to  a  certain  point, 
by  increasing  the  strength  of  the  digestive  mixture.  Marie  considers 
that  this  action  of  mercuric  chloride  does  not  depend  upon  decompo- 
sition of  the  ferment  nor  upon  a  contraction  of  the  albuminous 
matter,  but  rather  that  the  salt  in  an  acid  solution  enters  into  a 
chemical  combination  with  the  proteid  matter  and  the  latter  is  thus 
reodered  impervious  to  the  digestive  action  of  the  ferment. 

In  support  of  this  view  we  offer  the  fact  that  fibrin  introduced  into 
an  acid  -solution  of  pepsin  in  the  presence  of  1  per  cent,  of  mercuric 
chloride,  increases  in  weight ;  in  the  experiment  given  above  to  the 
extent  of  49*5  milligrams.  This  would  clearly  indicate  a  combina- 
tion of  the  two.  Moreover,  that  mercuric  chloride  does  not  act 
by  destroying  the  ferment  we  have  ample  proof,  as  the  following 

experiment  shows : 

A.  B.  a 

H,0  8oL  glycerine  pepsin 6  c.  c.  5  c.  c.  5  c.  c. 

HCl  (0-2  per  cent) 20  20  0 

Hg<Jl, 0  0-025  giam.  0  026  gram. 

HaO 0  0  20C.C. 

25  25  c.  c.  25 

Percent.  HgQa 0  01  01 

These  three  mixtures  were  warmed  at  40**  C.  for  24  hours;  then  to 
A  was  added  0*025  gram  HgCl,  dissolved  in  26  c.  c.  0*2  per  cent. 
HCl,  to  J9  25  c.  c.  0-2  per  cent.  HCl  and  to  C  26  c.  c.  0-4  per  cent. 
HCL  The  three  solutions  were  now  exactly  alike ;  in  j5,  however, 
the  ferment  had  been  exposed  to  the  action  of  0*1  per  cent.  HgCl,  in 
an  acid  solution  for  24  hours,  in  C  to  the  action  of  the  same  percent- 
age of  the  mercury  salt  in  an  aqueous  solution,  while  A  served  as 

♦  Abstract  in  Jahresbericht  fiir  Thierchemie,  1875,  p.  168. 
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a  control.  1  gram  of  fibrin  was  added  to  each  of  the  mixtures,  which 
were  then  placed  at  40°  C.  for  2  hours.  B  and  C  digested  the  same 
amount  of  fibrin  as  A^  consequently  the  mercuric  chloride  could  have 
exerted  no  destructive  action  whatever  on  the  ferment. 

Wassilieff,*  in  Hoppe-Seyler's  laboratory,  found  by  comparative 
experiments  that  mercurous  chloride  (calomel)  has  no  effect  on  the 
proteolytic  action  of  pepsin. 

Mercuric  bromide^  Mercuric  iodide  and  Mercuric  cyanide. 
These  three  salts  of  mercury  were  expenmented  with,  only  so  far 
as  to  compare  the  action  of  small  quantities,  with  the  action  of  like 
quantities  of  mercuric  chloride.  In  using  the  bromide  and  iodide  it 
was  necessary,  on  account  of  their  insolubility,  to  dissolve  them  with 
the  aid  of  an  equal  weight  of  sodium  chloride,  consequently  these 
two  salts  of  mercury  were  doubtless  present  in  the  digestive  mix- 
tures, in  part  at  least,  as  double  salts.  Marie,  however,  found  that 
the  action  of  mercuric  chloride  with  small  quantities  of  sodium 
chloride  was  not  different  from  that  of  mercuric  chloride  alone,  and 
doubtless  the  same  is  true  of  the  iodide  and  bromide  of  mercury. 
Following  are  the  results  we  obtained: 


Mercury 
salt. 

0 

Ufidiffested 
residae. 

0-3590  gram. 

Fibrin 
digeated. 

64- 10  percent. 

RclaUvQ  proteo- 
lytic *:noD. 

1000 

HgBr^ 
0*005  percent. 

0-3731 

62-69 

97-8 

0025 

0-3980 

60-20 

93-9 

Hgl. 
0-005 

0-3114 

68-86 

107*4 

0025 

0-3904 

60-96 

96*1 

Hg(CN)a 
0005 

0-3106 

68-96 

107  6 

0025 

0-3985 

6015 

93-8 

O'lOO 

0-3183 

68-n 

106-3 

From  these  it  is  evident  that  mercuric  bromide  is  less  vigorous  in 
its  hindering  action  than  mercuric  chloride ;  the  iodide  still  less  so, 
while  mercuric  cyanide,  in  similar  percentages,  appears  to  cause  an 
increase  in  proteolytic  action.  The  iodide,  likewise,  in  the  smallest 
percentage  experimented  with,  causes  increased  proteolytic  action. 
None  of  these  salts  then,  approach  mercuric  chloride  in  the  intensity 
of  its  hindering  action  on  gastric  digestion. 


*  Ueber  die  Wirkung  des  Calomel  auf  Gfthrungsprozesse  und  das  Leben  von  Mikio- 
organismen.     Zoitschrift  f.  Physiologische  Chemie,  vol.  vi,  113. 
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Stannous  chloride. 

This  salt  shows  marked  action  in  retarding  gastric  digestion ;  its 
retardmg  effect  increasing  directly  with  the  amount  of  stannous 
chloride  added. 


SaClf. 

^ssesj*^ 

Fibrin 
dlKeeted. 

Relative  proteo- 
lytic action. 

0 

0*2576  gram. 

74-24  per 

cent. 

100-0 

0-025  per  cent 

0-2728 

72-72 

97-5 

01 

0-4826 

61-74 

•     69-6 

0-5 

0-7332 

26-68 

36-9 

10 

0-8156 

18-45 

24-8 

2-0 

0-9010 

9-90 

13-3 

Arseniotis  oxide. 

This  substance  might  naturally  be  expected,  in  view  of  its  well 
known  antiseptic  properties,  to  hinder  proteolytic  action,  more 
or  less.  It  is  known  to  hinder  putrefaction  and  to  prevent  also  the 
fermentative  action  of  yeast.  Contrary  to  our  expectations,  however, 
the  action  of  arsenious  oxide,  so  far  as  it  is  to  be  seen,  is  an  acceler- 
ating one,  causing  increased  proteolytic  action.  The  following 
results  were  obtained : 


Aa,0,. 

Undigested 
reBldne. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0  2111  gram. 

78-89  per 

cent 

100-0 

0*05  per  cent 

0-1872 

81-28 

1030 

0-1 

02160 

78-40 

99-3 

0-2 

0-1900 

81-00 

102-6 

0-5 

0-1707 

82-93 

105-1 

The  stimulating  action  is  slight,  still  it  is  plainly  recognizable. 
Dr«.  Sch^fer  and  Bohm*  have  previously  studied  the  action  of  arseni- 
OQS  acid  on  the  digestion  of  albumin  by  artificial  gastric  juice,  and 
they  came  to  the  conclusion,  using  0*02  and  0*04  gram  As,0,  respec- 
tively, in  34  c.  c.  of  fluid  containing  egg-albumin,  that  ai'senious  oxide 
is  without  influence  on  the  decomposition  of  albumin  by  the  gastric 
juice  ferment.  Our  results,  though  not  so  large  in  number  as  theirs, 
wonld  indicate  a  slight  accelerating  action. 

Arsenic  is  known,  when  administered  in  small,  repeated  doses,  to 
act  as  a  tonic;  the  history  of  arsenic-eating,  indicates  that  the  sub- 
•tance  has  some  positive  tonic  influence  over  nutrition,  and   Dr. 

*  Jahregbericbt  fur  Theirchemie,  1872,  p.  363.    Ueber  den  EinflusB  des  Arsens  auf 
^  Wirkrmg  der  ongeformten  Fermente. 
Trahb.  Cokh.  Acad.,  Vol.  Vn.  12  Oct.,  1885. 
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Wood*  states,  "  there  is  much  reason  for  believing  that  it  acts  largely 
as  a  direct  stimulant  to  nutrition,"  The  results  obtained  in  our  ex- 
periments certainly  accord  with  this  statement. 

Arsenic  cund. 

The  experiments  tried  with  arsenic  acid,  tend  to  confirm  the 
accelerating  action  noticed  with  arsenious  oxide.  In  the  first  series 
of  experiments  tlie  following  results  were  obtained: 


H8A104. 

andUrested 
r^aue. 

Fibrin 
dlKest«d. 

BelatlTe  proteo- 
lytic aonon. 

0 

0-2696  gram. 

73-04  per  cent. 

100-0 

0-2  per  cent. 

0-2614 

73-86        • 

101-1 

0-5 

01514 

84-86 

1161 

20 

0-2583 

74-n 

101-6 

6-0 

0-3915 

60-85 

83-3 

The  accelerating  action  is  here  so  very  pronounced,  that  a  second 
series  of  experiments  was  undertaken  by  way  of  confirmation.  These 
give  in  a  general  way  the  same  results,  although  with  0*5  per  cent  the 
stimulating  action  is  not  so  pronounced  as  in  the  first  experiment 

These  two  series  of  experiments  illustrate  another  point,  which  it  is 
well  to  mention  here,  namely :  that  definite  percentages  of  any  par- 
ticular substance  do  not  invariably  give  precisely  the  same  result,  eyen 
when  compared  with  their  respective  controls.  They  do,  however, 
generally  point  in  the  same  direction,  and  although  not  always  giving 
exactly  the  same  numerical  expression,  they  show  clearly  the  nature 
and  extent  of  the  action. 


[»A804. 

Uodlffested 
reBldne. 

Fibrin 
digested. 

Relative  proteo- 
lytic actloD. 

0 

0-2490  gram. 

75-10  per  cent. 

100-0 

0*2  per  cent 

0-2401 

75-99 

101-2 

0-5 

0-2367 

76-33 

101-6 

1-0 

0-2335 

76-65 

102-0 

20 

0-2623 

73-78 

98-2 

50 

0-3176 

68-24 

90-8 

0 

01493 

85-07 

100-0 

10-0 

0-4207 

57-93 

68-1 

Plainly  then,  arsenic  acid  in  small  percentages  does  accelerate  the 
proteolytic  action  of  pepsin-hydrochloric  acid,  while  in  large  percent- 
ages (5-10)  it  causes  a  diminution  in  the  action  of  the  ferment 
Arsenic  acid  tends  to  make  the  fibrin  become  very  gelatinous. 

*  Therapeutics,  Materia  Medica  and  Toxicology,  p.  390. 
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Zinc  sulphate. 
With  this  salt,  no  experiments  appear  to  have  been  hitherto  made. 
Our  results  show  a  decided  diminution  in  pr(»teolytic  action,  even  in 
the  presence  of  O'Ol  per  cent,  of  the  salt,  while  with  a  few  thon- 
saodths  of  one  per  cent,  the  figures  indicate  a  slight  accelerating 
action.    Three  distinct  experiments  were  made  as  follows : 


04+lH«0. 

Undlcested 
r^dae. 

Fibrin 
dlgenUd. 

BelatlTe  proteo- 
lytic action. 

0 

01t44  gram. 

82-66  per  ceot 

100  0 

0-001  per  cent. 

01609 

83-91 

101-6 

0005 

01617 

83-83 

101-6 

0*010 

0-2063 

79-46 

96-2 

0^25 

0-2673 

74-27 

89-9 

3-000 

0-8400 

16-00 

19-3 

0 

0-1630 

83-20 

1000 

0-1 

0-4848 

61-62 

61-9 

0-3 

0-7133 

28-67 

34-4 

0-6 

0-7382 

26-18 

31-4 

0-8 

0-7671 

23-29 

27-9 

1-5 

0-8202 

17-98 

21-6 

0 

0-1493 

86-07 

1000 

1-0 

0-7683 

23-17 

27-2 

A  glance  at  these  results,  shows  plainly  a  gradual  decrease  in  pro- 
teolytic activity. 

It  is  to  be  noticed  that  in  the  presence  of  the  larger  percentages  of 
these  metallic  salts,  the  fibrin  does  not  swell  up  in  the  0*2  per  cent.  acid. 

Manganous  chloride. 
In  small  fractions  of  one  per  cent,  this  salt  gave  such  irregular 
resolts  that  it  is  doubtful  if  they  can  be  relied  upon  as  expressing 
any  particular  action.  With  0*3  per  cent,  the  retarding  action  of 
the  manganese  salt  commences  to  be  very  pronounced.  Following 
are  the  results : 


Una,. 

Undigested 
reiridQe. 

Fibrin 
dlgeated. 

ReUtlve  proteo- 
lyUc  action 

0 

01923  gram. 

80-77  per  cent 

100-0 

O-OOl  per  ceDt. 

0-2022 

79-78 

98-7 

0H)10 

0-1816 

81-86 

101-3 

0-026 

0-2066 

79-34 

98-2 

OittO 

0-1866 

81-45 

100-8 

0 

01880 

81-20 

100-0 

0-3 

0-3687 

63-13 

77-7 

0-8 

0-6438 

36-62 

43-8 

1-5 

0  6612 

33-88 

41-7 

3-0 

0-7400 

2600 

32J 
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Ferrous  stdphate  and  Ferric  chloride. 

The  salts  of  iron,  doabtless  on  account  of  their  physiological 
importance  and  their  great  therapeutic  value,  have  been  experimented 
with  by  several  observers.  It  has  been  a  prevalent  opinion  that  iron 
salts  tend  to  produce  disturbances  in  gastric  digestion.  Petit,^  how- 
ever, states  as  a  result  of  experiment,  that  preparations  of  iron,  in 
small  quantities,  do  not  hinder  the  action  of  pepsin,  but  in  large  quan- 
tities  they  retard  the  action  of  the  ferment,  doing  so  according  to 
Petit,  by  the  hydrochloric  acid  of  the  gastric  juice  displacing  the  acid 
of  the  iron  salt,  thus  forcing  the  pepsin  to  act  with  a  less  energetic 
acid.  Dtlsterhofr,f  dealing  with  the  same  question,  came  to  the  con- 
clusion that  iron  salts  of  the  organic  acids,  exercise  the  greatest 
retarding  effect  on  pepsin  digestion,  and  moreover,  that  ferrous 
salts  are  better  adapted  to  the  organism  than  ferric  salts.  Dflster- 
hoff  also  concludes  that  while  the  retarding  action  of  iron  salts  is 
doubtless  due,  in  part,  to  the  setting-free  of  the  acid  of  the  iron  salt 
by  the  acid  of  the  gastric  juice,  there  is  in  addition  a  specific  action 
of  the  iron  preparation  of  an  unknown  nature,  prejudicial  to  digestion. 
Lastly,  Bubnow  J  found  that  moist  ferric  hydroxide  in  small  quanti- 
ties (not  weighed)  causes  a  scarcely  recognizable  diminution  in  pro- 
teolytic action,  while  the  presence  of  1  per  cent,  of  ferrous  chloride 
and  ferrous  sulphate  causes  marked  retardation,  as  does  also  an 
excess  of  ferric  hydroxide.  The  most  intense  action  was  observed  on 
the  addition  of  5  per  cent,  of  ferrous  sulphate.  No  quantitative 
results,  that  is,  percentages  of  albumin  digested  were,  however, 
obtained. 

Our  experiments  were  made  only  with  crystallized  ferrous  sulphate 
and  ferric  chloride.  It  appears  superfluous  to  try  the  action  of  ferric 
hydroxide,  which  must  necessarily,  if  in  sufficient  quantity,  neutralize 
the  acid  of  the  gastric  juice  and  thus  prevent  digestion  by  with- 
drawal of  the  free  acid. 


*  Quoted  by  Bubnow  in  Zeitschrift  ftir  phjsiologische  Chemie,  voL  vii,  p.  316;  also 
abstract  by  Herter  in  Jahresbericht  far  Thierchemio,  18»0,  p.  309. 

f  Ueber  den  Einfluss  von  Eisenpraparaten  auf  die  Magenverdauung.  Jahresbericht 
far  Thierchemie,  1882,  p.  257. 

X  Ueber  den  Einfluss  des  Bisenoxyhydrats  und  der  Eisenoxydulsalze  auf  kdnstlicbe 
Magenverdauung  und  Faulniss  mit  Pancreas.  Zeitschrift  fiir  Physiologische  Chemie, 
▼oL  vii,  p.  315. 
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FeS04+7HtO. 

Undlsested 
retldae. 

Flbrtn 
digested. 

Relative  proteo- 
lytic acdon. 

0 

0*1835  gram. 

81-65 

100-0 

0001  per  cent. 

01916 

80*84 

99-0 

0-005 

0-2241 

77-59 

95-0 

0-010 

0-1895 

81-05 

99-2 

0-025 

0-2573 

74^7 

90-9 

0-050 

0-2773 

72-27 

88-5 

0 

0-1935 

80-65 

100-0 

o-i 

0-3467 

65-33 

81-0 

0-3 

0-7274 

27-26 

33-8 

0-8 

0-8080 

19-20 

23-8 

1-5 

0-8447 

15-53 

19-2 

Here,  with  the  ferrous  salt,  we  find  pronoanoed  diminution  of  pro- 
teolytic action,  commencing  even  with  0*001  per  cent.  With  ferric 
chloride,  the  following  results  were  obtained. 


Fe,a«. 

Fibrin 
digested. 

Relative  proteo- 
lytic acBon. 

0 

0-1842  gram. 

81-58  per  cent. 

100-0 

0*001  per  ceDt. 

0-2111 

78-89 

96-7 

0-005 

0-2059 

79-41 

97-3 

0-010 

0-2165 

78-35 

96-0 

0-050 

0-2332 

76-68 

93-9 

0 

0-1961 

80-39 

100-0 

0-3 

0-6526 

34-74 

432 

0-5 

0-8035 

19-65 

24-4 

0-8 

0-8794 

1206 

15-0 

3-0 

0-9582 

418 

5-2 

A  comparison  of  the  two  series  of  results,  shows  no  pronounced  and 
constant  difference  in  the  amount  of  action  between  the  two  iron 
salts;  both  retard  proteolytic  action  about  equally;  although  with 
the  lai^er  amounts,  as  with  0*5  per  cent,  and  beyond,  ferrie  chloride 
appears  the  most  injurious.  Comparing  the  results  with  those 
obtained  with  the  manganese  salt,  which  of  late  has  been  recom- 
mended as  a  therapeutic  agent  where  iron  cannot  be  taken,  we  see 
that  the  manganese  is  throughout,  far  less  injurious  than  the  two  salts 
of  iron. 

As  to  the  manner  in  which  the  iron  salts  produce  their  retarding 
effect  on  proteolytic  action,  it  is  evident  that  it  cannot  be  due  to  a 
simple  displacement  of  the  acid  of  the  iron  salt,  by  which  the  pepsin 
is  made  to  act  with  a  less  compatible  acid,  since  ferric  chloride  acts 
similarly  to  the  sulphate,  in  which  case  there  could  be  no  such 
iDJarions  replacement. 
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Magnesium  siUphate, 
Pfeiffer^  alone  appears  to  have  studied  the  influence  of  magnesiam 
sulphate  on  gastric  digestion.  He  found  that  retarding  action  com- 
menced in  the  presence  of  0*24  per  cent,  of  the  salt  and  was  very 
great  in  the  presence  of  40  per  cent.  Our  results  show  decided 
retarding  action,  even  in  the  presence  of  0*006  per  cent,  of  the  crys- 
tallized salt.  At  the  same  time,  it  is  to  be  remembered  throughout, 
that  probably  differences  in  the  strength  of  gastric  juice,  would  caage 
some  variation  in  the  amount  of  retardation,  produced  by  any  given 
percentage. 


M«804+7H,0. 

^?£fd^* 

Fibrin 
digested. 

RelatlTe  proteo. 
lytic  Action. 

0 

01081  gram. 

89-19  per  cent. 

1000 

0  005  per  cent 

01910 

80-90 

90-7 

0010 

02330 

76-70 

860 

0050 

0-3260 

67-40 

755 

0100 

0-4428 

65-72 

62-3 

0 

0-2605 

73-95 

1000 

0-3 

0-7651 

24-49 

33-1 

0-5 

0-7886 

21-14 

28-5 

0-8 

0-8260 

17-50 

23  7 

1-6 

0-8891 

1109 

15-0 

30 

0-8894 

11-06 

14-9 

It  is  noticeable  here,  that  while  the  retarding  influence  of  the  salt, 
becomes  more  and  more  pronounced  as  the  percentage  is  increased, 
there  comes  a  point  (1*5  percent.)  when  further  addition  does  not 
materially  influence  the  action  of  the  ferment. 

Potassium  permanganate. 
This  salt,  as  with  the  amylolytic  ferment  of  the  saliva,  shows  very 
energetic  action.  Its  influence  is,  without  doubt,  due  to  rapid  oxida^ 
tion  and  consequent  destruction  of  the  ferment ;  indeed,  the  (at  first) 
bright  red  color  of  the  solution  became  almost  immediately  bleached 
out  and  the  solution,  at  the  same  time,  completely  deprived  of  pro* 
teolytic  power.    The  following  results  testify  to  its  extreme  activity. 

Undigested 
RgMntOg.  residue. 

0  01951  gram. 

0-005  per  cent  08278 

0-010  0-9949 

It  is  thus  more  active  in  preventing  proteolytic  action,  in  gastric 
juice  of  the  strength  used,  than  in  hindering  the  development  of 

♦  Abstract  in  Oontralbl  med.  Wisa.,  1886,  p.  328. 


ribrtn 
digested. 

Belatlre  pro 
lytic  ftctio 

80*48  per  cent. 

100-0 

17-22 

21-3 

0*51 

0-6 
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bacteria ;  although  doabtless,  the  action  of  any  one  percentage  is  de- 
pendent in  part,  apon  the  amount  of  organic  matter  present.  ,  Marcus 
and  Pinet^  found  that  the  permanganate  in  0*1  per  cent  would  pre- 
vent the  development  of  bacteria  and  in  1  '6  per  cent,  would  kill 
the  fully  developed  organisms. 

Potcusium  dichromate. 

A  single  experiment  with  this  salt  gave  the  following  results; 
showing  a  decided  retarding  action  on  gastric  digestion. 


KtCr.O,. 

Undigested 
resTdae. 

0 

0*2028  gram. 

O'Ol  per  cent. 

0-2476 

0*10 

0*6383 

Fibrin 
digested. 

BelatlTe  proteo- 
lytic action. 

79*'72  per  cent. 

1000 

76*24 

94*4 

3617 

45*3 

Potassium  cyanide. 
Potassium  cyanide  we  found  very  active  in  diminishing  the  diges- 
tive power  of  pepsin ;  due  in  great  part  doubtless,  to  decomposition 
of  the  cyanide  by  the  hydrochloric  acid  of  the  gastric  juice  with 
oonseqent  formation  of  pepsin-hydrocyanic  acid.  Our  first  results 
were  as  follows : 

Fibrin  Belatlye  proteo- 

digested.  lytic  action. 

67*45  per  cent  100*0 

313  4*6 

0*88  1*3 

Here,  the  fibrin  did  not  swell  at  all,  indicating  the  probable  ab- 
sence of  free  hydrochloric  acid,  although  of  course  the  potassium 
cyanide  might,  per  se,  prevent  swelling. 

With  very  much  smaller  percentages  of  cyanide,  we  obtained  the 
following  results : 


KCN. 

Undigested 
resldoe. 

0 

0*3255  gram. 

0*25  per  cent 

0*9687 

0*50 

0*9912 

KCN. 

Undigested 
resldne. 

Fibrin 
digested. 

BelatlTe  proteo- 
lytic action. 

0 

0-3098  gram. 

69  02  per  cent 

1000 

0-005  per  cent 

0-4376 

56*24 

Sl-5 

0025 

0*3760 

62-50 

90*5 

Potassium  ferrocyanide. 
With  this  salt,  the  results  are  practically  the  same  as  with  potas- 
siam  cyanide;  almost  complete  stopping  of  proteolytic  action,  even 
in  the  presence  of  small  fractions  of  one  per  cent. 

*  Action  de  quelques  substances  sur  lee  baot^ries  de  la  putrefaction,  Oompt.  rend. 
8oc.  de  Biolog.,  1882,  p.  7 18.    Abstract  in  Jahresbericht  fOr  Thierchemie,  1882,  p.  515. 
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Undiirested  Fibrin  BeUtlre  proteo- 

K4Fe(CN)6+8HtO.  residue.  digested.  lytic  action. 

0  0*3717  gram.  62*83  per  cent.  100*0 

0*05  per  cent  0  6969  40*31  64*1 

010  0-7922  20*78  33*0 

0-25  0*9585                               4*15  6*6 

0-5  l-O                                      0  0 

0  0*3098  6902  1000 

0*006  0*3562  64*38  93*3 

0*025  0*3471  65*29  94*6 

Potassium  chlorate  and  Potassium  nitrate. 
These  two  oxidizing  agents  produce  almost  exactly  the  same  effect 
on  pepsin-hydrochloric  acid  digestion ;    a  retarding  action  directly 
proportional  to  the  amount  of  salt  present. 


KCIO,. 

Undigested 
residue. 

Fibrin 
digested 

RelaUye  proteo- 
lytic action. 

0 

0-2683  gram. 

73*17 

per 

cent 

1000 

0*3  per  cent. 

0*4565 

54-35 

74*3 

0*8 

0-7019 

29*81 

40-7 

1-5 

0*8173 

18-27 

25*0 

3*0 

©•8707 

12-93 

17-6 

KNO,. 

0 

0-2870  gram. 

71*30 

per 

cent 

1000 

0*3  per  cent. 

0*5370 

46-30 

64-9 

0*5 

0*6247 

37*53 

52*6 

0*8 

0-7158 

28*42 

39-8 

1*5 

0-8148 

18  52 

25-9 

3*0 

0*8907 

10-93 

15-3 

With  potassium  chlorate  no  experiments  have  been  previously 
tried;  with  potassium  nitrate,  however,  Wolberg*  experimenting 
with  quantities  varying  from  0*5  to  8*0  per  cent,  found  in  every 
instance,  diminution  in  the  proteolytic  action  of  his  pepsin  solution. 
This,  however,  amounted  to  but  little,  except  in  the  presence  of  8  grams 
(8  per  cent.)  of  the  nitrate,  where  there  was  a  diminution  in  the 
amount  of  fibrin  digested,  equal  to  49*0  per  cent.  Even  with  6  per 
cent,  of  the  salt,  Wolberg  found  after  24  hours,  only  a  diminution 
of  6*8  per  cent,  in  the  fibrin  digested. 

In  quantity,  therefore,  our  results  do  not  accord  at  all  with  Wol- 
berg's,  since  as  the  table  shows,  even  0*3  per  cent  of  potassium  nitrate 
caused  a  diminution  in  the  quantity  of  fibrin  digested,  amounting  to 
36*1  per  cent,  when  compared  with  the  control  (100) ;  while  the  pres- 


*  PflGger's  Archiv,  vol.  xxii,  p.  300.     Ueber  den  Kinfluss  einiger  Salsse  nnd  Alka* 
loiden  auf  die  Verdauung. 
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ence  of  3  per  cent,  of  the  salt  caused  a  dimination  in  proteolytic  action 
amounting,  in  the  quantity  of  fibrin  digested,  to  nearly  85  per  cent. 
The  only  apparent  explanation  of  this  difierence  in  the  results  [unless 
due  to  difference  in  the  amount  of  ferment]  is  in  the  length  of  time 
the  mixtures  were  wanned  at  40°  C. ;  in  Wolberg's  24  hours,  in  ours 
2  hours.  This,  if  the  true  reason  of  the  difference,  would  imply  on  the 
part  of  the  ferment,  ability  to  gradually  overcome  the  influence  of 
small  amounts  of  the  substance  and  thus  eventually  to  digest  an 
equal  quantity  of  proteid  matter.  This,  however,  would  in  turn 
imply  that  the  object  sought  for,  viz :  the  influence  of  different  quan- 
tities or  percentages  of  a  substance  on  the  action  of  the  ferment  is 
lost  sight  of.  The  length  of  time  best  adapted  to  the  experiment,  is 
naturally  that  which  will  bring  out  most  clearly  and  decisively  all 
differences  of  action. 

Sodium  te^aborate  (Borax)  and  JBorctcic  acid. 

Sternberg's  experiments*  with  both  of  these  substances,  have 
shown  that,  although  possessed  of  no  germicide  value,  they  prevent 
the  multiplication  of  bacterial  organisms  and  are  thus  valuable  anti- 
septics. 

Wolberg,  in  experiments  made  with  artificial  gastric  juice,  found 
that  in  a  24  hours  digestion,  0*5  gram  (0*5  per  cent.)  of  borax  caused 
a  slight  acceleration  in  proteolytic  action  (0*4  per  cent.),  while  with 
1  per  cent,  of  the  salt,  retardation  occurred  to  the  extent  of  23*3  per 
cent,  and  in  the  presence  of  4*0  per  cent,  almost  complete  stopping 
of  proteolytic  action.  Our  results,  however,  fail  to  show  any  stimu- 
lating action  on  the  part  of  the  borate,  although  retardation  is  very 
pronounced. 

Cndlgested 
NatB4O7+10HtO.  retldne. 

0  0*3610  gram. 

0*05  per  cent  0*3862 

0-20  0-4080 

0*6  0-7710 

1-0  0-9899 

Doubtless,  the  retarding  action  of  this  salt  is  due  wholly  to  the 
liberation  of  boracic  acid  and  the  consequent  neutralization  of  the 
hydrochloric  acid  of  the  gastric  juice.  Boracic  acid  itself,  offers  no 
obstacle  to  the  proteolytic  action  of  pepsin-hydrochloric  acid ;  on  the 
contrary  it  increases  it,  but  pepsin-boracic  acid  has  little  digestive 

*  Amer.  Jour.  Med.  Sdeocea,  April,  1883,  p.  336. 
Trahs  Comi.  Acad.,  Vol.  VII.  13  Oct.,  1885. 


Fibrin 
dlgett«d 

RelAtire  proteo- 
lytic acUon. 

63-90  per 

cent. 

1000 

61-48 

96-2 

59-20 

92-6 

22-90 

35-8 

101 

1-5 
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power.     The  influence  of  boracic  acid  on  pepsin-hydrochloric  acid  is 
seen  from  the  following  experiments: 

UndlgeBted  Fibrin.  RelattTe  proteo- 

HaBO).  reeldae.  digested.  lytic  action. 

0  0  2395  gram.  76  05  per  cent.  1000 

0-1  per  cent.  02232  77*68  1021 

0  0-2049  79-51  100-0 

0-5  0-1875  81-25  102-2 

30  01729  82-71  104*2 

6*0  0-1446  86*65  »                          107*6 

Evidently  then,  the  action  of  borax  consists  simply  in  withdrawing 

from  the  pepsin  the  hydrochloric  acid  of  the  gastric  juice.    The  low 

digestive  power  of  pepsin  and  boracic  acid  is  shown  by  the  following 

experiment : 

A.  B.  a  D. 

HaO  sol.  pepsin 50  cc.  50  c.c.  50  a  c  50  cc 

HCl  0  2  per  cent. 50  0  0  0 

HsBOt    0  0*2  gram.  0*3  gram.  0*5  gram. 

HaO 0  50  c.c.  50  CO.  50C.C 

100  100  100  100 

01  %  HCl        0-2  ^  HaBOa      0*3  %  H.BO,     0*5  %  H,BO, 

To  each,  was  added  1  gram  of  purified  fibrin,  after  which  the  mix- 
tures were  warmed  at  40°  C.  for  2  hours.     Following  are  the  results . 

A.  B.  C,  D. 

Wt.  of  undigested  residue 0*1180        0*9615        0*9706        0*9620 

Per  cent  digested 88*20  3*85  2*96  3*80 

Ammonium  oxalate. 
With  this  salt  the  following  results  were  obtained : 


(NH4),C«04+3H,0. 

Undigested, 
realdue. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0*3254  gram. 

67-46  per  cent. 

1000 

OCIO 

per  cent. 

0-3579 

64-20 

951 

0-025 

0-3627 

63*73 

94-6 

0*1 

0-3920 

60*80 

901 

0-5 

09040 

9*51 

141 

0 

0-3098 

69*02 

1000 

10 

0-9958 

0  42 

6*6 

As  to  the  cause  of  this  retarding  action,  it  is  probable,  that,  as  in 
the  case  of  borax,  the  oxalic  acid  of  the  salt  is  displaced  and  the 
ferment  compelled  to  act  with  the  acid  thus  liberated.  But  if  we 
compare  the  results  of  the  present  series  with  those  of  the  preceding, 
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we  find  that,  with  like  percentages  of  the  two  salts,  ammonium  oxal- 
ate has  far  the  greater  retarding  power,  and  yet  it  is  well  known 
that  the  ferment  acts  well  when  combined  with  oxalic  acid.  More- 
over, our  experiments  show  further  on,  that  ammonium  chloride  has 
no  greater  retarding  power  than  sodium  chloride.  Hence,  there  must 
be  some  reason,  other  than  the  one  mentioned  above,  to  account  for 
all  of  the  retarding  action  manifested  by  the  oxalate. 

Petit*  states,  that  the  maximum  dfgestive  action  of  oxalic  acid, 
with  0'2-0-4  per  cent,  of  his  pepsin,  is  attained  with  0'6-4-0  per  cent, 
of  the  acid,  according  to  the  amount  of  pepsin. 

The  comparative  digestive  power  of  pepsin-oxalic  acid  and  pepsin- 
hydrochloric  acid  is  shown  by  the  following  experiments  :f 

A.  B.  c. 

H,0  8oL  pepeiD 50  c.  c.  50  c.c.  50  c.  c. 

0-2  per  cent.  HCl 50  0  0 

C,H,0« 0  0-5  gram.  1*0  gram. 

HaO 0  50c.c.  50c.a 

100  100  100 

01  %  HCl  0-5  %  CHaO,         10  %  0,H9O4 

Warmed  at  40°  C.  for  2  hours  with  1  gram  of  pure,  dry  fibrin,  the 
following  results  were  obtained : 

A.  B.  c. 

Wt  of  undigested  residue 02170  04460  0-43n 

Per  cent,  digested _ 18*30  65-45  56-29 

A  second  series,  with  larger  amounts  of  oxalic  acid,  gave  the  fol- 
lowing results : 

A.  B.  c. 

H,0  8oL  pepsin 60  c.  c.  50  c.  c.  50  c.  c. 

0-2  per  cent  HCl  .50  0  0 

CtHtO* 0  1*6  grams.  2  0  grams. 

H/) 0  50c.a  60C.C. 

100  100  100 

0*1  per  cent.  HCl        1*6  per  cent.  CaHjO*       2*0  per  cent  0tHaO4 

Uodigeflted  residue  01 085  gram.  0-3090  gram.  0*3640  gram. 

Per  cent  digested      8915  69*10  6360 

These  four  results  being  placed  on  the  same  basis,  i.  e.  compared 
with  their  respective  controls  (100)  show  as  follows : 

♦  Jahresbericht  fiir  Thierchemie,  1880,  p.  309. 
f  Made  in  this  laboratory  by  Mr.  R.  W.  Finney. 


Belatire  proteo- 
lytic action 

1 00-0 

70-7 

71-7 

77-5 

71-3 
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Per  cent,  of  acid. 
01  HOI 
0-6  CaHa04 
10 
1-6 
2-0 

This  shows  maximum  action,  with  our  amoant  of  pepsiu,  in  the 
presence  of  1  '5  per  cent,  of  oxalic  acid  and  shows,  moreover,  that  the 
retarding  influence  of  ammonium  oxalate  on  proteolytic  action,  is  not 
fully  explained  by  the  suggested  neutralization  of  the  hydrochloric 
acid  of  the  gastric  juice,  unless  it  be  that  the  ammonium  chloride, 
formed  by  the  reaction,  effects  pepsin-oxalic  acid  differently  than  it 
does  pepsin-hydrochloric  aoid. 

Sodium  chloride. 
With  this  salt  we  obtained,  by  our  method,  the  following  results: 


NaCI. 

Undigested 
reBldue. 

Fibrin 
digested. 

BclaUve  protco- 
lyUc  action. 

0 

0-2036  gram. 

70" 64  per  cent. 

100-0 

0-005  per  cent. 

0-2824 

71-76 

101-6 

0010 

0-2896 

71-04 

100-6 

0026 

0-3441 

66-59 

92-8 

0050 

0-3511 

64-89 

91-8 

0100 

0-3744 

62-66 

88-6 

0 

0-2669 

73-31 

100-0 

0-3 

0-4953 

60-47 

68-8 

0-5 

0-6176 

38-26 

52-1 

0-8 

0-6898 

31-02 

42-3 

1-6 

0-7825 

21-76 

29-6 

30 

0-8249 

17-61 

23-8 

Alex.  Schmidt*  has  recorded  the  retarding  effect  of  sodium  chlo- 
ride on  the  proteolytic  action  of  gastric  juice ;  Petitf  likewise,  has 
stated  that  small  quantities  of  sodium  chloride  interrupt  the  action 
of  the  ferment,  and  WolbergJ  has  recorded  the  same  result  with 
varying  percentages  of  the  salt;  noting  in  addition,  that  very  small 
quantities  cause  a  slight  acceleration  of  proteolytic  action,  amounting 
in  his  experiment  to  2*5  per  cent. 

With  0*005  per  cent,  of  the  salt,  we  found  as  the  results  show, 
acceleration  amounting  to  1*6  per  cent.,  larger  amounts  causing  a 
gradual  and  proportional  diminution  in  proteolytic  action. 

*  Pfluger's  Archiv,  xiii,  p.  98. 

f  Jaliresbericht  fur  Thiercheraie,  1 880,  p.  309. 

X  Pfltiger's  Archiv,  xxii,  p.  298. 
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Pfeiffer*  has  also  called  atteDtion  to  the  retarding  action  of  this 
Bobetanee. 

JPotcuaium  chloride. 
With  this  salt  our  results  are  as  follows: 

Unditrested  Fibrin  RelaUve  proteo- 

KCL  residiie.  dlfested.  lytic  action. 

0  01552  gram.  8448  per  cent  1000 

0005  per  cent.  01817  81-83  968 

0*026  0-1550  84*50  1000 

0060  0-2566  74*36  880 

0*100  0-2097  7903  93*5 

0  0-1930  80*70  100-0 

0-3  0-3997  60-02  74*3 

1-6  0*6816  31-85  .39'4 

3*0  0-7282  27*18  336 

The  only  noticeable  difference  between  the  action  of  this  salt  and 
the  preceding,  is  the  absence  of  any  acceleration  on  the  part  of  the 
potassium  chloride  and  with  larger  percentages,  a  less  vigorous  retard- 
ing action. 

Ammonium  chloride. 

For  the  sake  of  comparison  a  few  experiments  were  tried  with  this 
salt,  with  the  following  results : 


0IH4)C1. 

Undigested 

Fibrin 
digested. 

Relative  proteo> 
lytic  action. 

0 

0*1880  gram. 

81-20  per  cent 

1000 

0-3  per  cent. 

0*4649 

53-61 

65-9 

0*8 

0-6615 

33-85 

41-7 

3-0 

0-6970 

30-30 

37-3 

By  looking  at  the  table  of  comparisons,  we  see  there  is  little  con- 
stant difference  in  the  amount  of  retardation  caused  by  the  ammo- 
nium, potassium  and  sodium  salts  of  hydrochloric  acid.  This  result, 
however,  is  quite  different  from  that  obtained  by  Wolberg,  who 
found  that  ammonium  chloride  influenced  proteolytic  action  but  very 
little,  while  both  potassium  and  sodium  chloride  caused  great  retard- 
ation. This  difference  in  result,  may  be  due  to  difference  in  strength 
of  gastric  juice  or  to  difference  in  length  of  time  the  mixtures  were 
warmed  at  40°  C. ;  certainly  in  our  experiments,  with  pure  anhydrous 
ttlts  and  2  hours  digestion,  very  little  difference  in  digestive  action  is 
noticeable ;  throughout,  sodium  chloride  causes  a  little  less  proteolytic 
action  than  the  corresponding  potassium  salt,  while  of  the  ammonium 
salt,  little  is  to  be  said  except  that  it  causes  equal  retardation. 

*  Centralbl.  med.  Wias.,  1885,  p.  328. 
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Wolberg  in  speaking  of  the  relative  retarding  action  of  the  three 
sodium  salts  of  hydrochloric,  nitric  and  sulpharic  acids,  states  that 
the  salphate  retards  the  most,  then  the  nitrate  and  lastly  the  chloride. 
We  have  noticed  the  same  fact  in  our  work  and  take  it  as  additional 
evidence  of  the  liberation  of  the  acid  of  the  salt  added,  the  retarding 
influence  of  the  salt  being  dependent,  in  part,  on  the  digestive  power  of 
the  pepsin-actd^  formed. 

The  following  experiments,*  showing  the  relative  digestive  power 
of  the  several  acids  in  conjunction  with  pepsin,  testify  to  the  proba- 
bility of  this  view. 

All  of  the  solutions  contained  50  c.  c.  of  an  aqueous  solution  of 
glycerine-pepsin,  each  having  a  total  volume  of  100  c.  c.  and  differing 
from  each  other  only  in  the  nature  and  percentage  of  the  acid  present. 

In  testing  the  digestive  power  of  the  solution,  1  gram  of  pure  fibrin 
was  added  and  the  mixtures  warmed  at  40°  C.  for  two  hours,  after 
which  the  amount  digested  was  determined  in  the  usual  manner. 

Percentage  of  fibrin  digested  in  the  presence  of  the  different  per- 
centages of  acids. 

Control 
0-06%      0-1%        0-2%         0'S%        0*4%        0-5%    0'1%RC\ 
HNOtt--..   9*20         48-76         73-66         67-20         46*00  8765 

HjSO* 19-50         24-70         2680         22-65         24-95         88-05 

CH.O, 3-70  2-30         87-50 

Comparing  these  results  with  their  respective  controls,  figured  as 
100,  we  have  the  following  values  for  sulphuric  and  nitric  acids,  ex- 
pressive of  their  relative  proteolytic  power  when  combined  with 
pepsin,  as  compared  with  0*1  per  cent,  hydrochloric  acid  under  simi- 
lar conditions. 


Per  cent.  acid. 

HNOa. 

H,SO, 

0-06 

10-5 

---- 

0-1 

66-6 

221 

0-2 

840 

28-0 

0-3 

76-7 

291 

0-4 

52-6 

25-6 

0-6 



28-2 

From  this  it  is  evident,  that  nitric  acid  is  most  active,  with  our 
amount  of  pepsin,  in  a  0-2  per  cent,  solution,  while  sulphuric  acid 
attains  its  maximum  action  in  0*3  per  cent. ;  moreover,  nitric  acid  is 

♦  Made  in  this  laboratory  by  Mr.  R.  W.  Pinney. 

f  The  adds  are  calculated  as  pure  HNOt,  H,804,  etc. 
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more  than  four-fifths  as  active  as  0*1  per  cent,  hydrochloric  acid, 
while  sulpharic  acid  Is  only  a  little  more  than  one-fourth  as  active  as 
the  hydrochloric  acid;  acetic  acid  being  practically  worthless. 
Heoee  it  is  obyious,  that,  the  base  being  the  same,  acetates,  borates 
ind  other  salts,  the  acids  of  which  are  not  capable  of  working  with 
pepsin,  will  most  readily  retard  gastric  digestion ;  then  of  the  other 
salts  experimented  with,  sulphates  and  lastly  nitrates. 

A  glance  at  the  table  of  comparisons,  shows  here  and  there,  results 
which  manifestly  accord  with  this  view,  notably  lead  acetate,  cupric 
salphate,  sine  sulphate,*  magnesium  sulphate  and  potassium  nitrate. 

That  this  withdrawal  of  free  hydrochloric  from  the  pepsin,  is 
only  a  partial  explanation  of  the  mode  of  action  of  neutral  salts  is 
phiin  from  the  fact  that  chlorides  exert  very  pronounced  retarding 
action ;  moreover  the  action  of  these  latter  as  well  as  of  the  others 
cannot  be  due  merely  to  mechanical  causes,  viz :  the  semi-saturation 
of  the  digestive  fluid,  since  3*0  per  cent,  of  boracic  acid  stimulates 
instead  of  retarding,  and  even  the  presence  of  10  per  cent,  of  arsenic 
acid  causes  retardation  amounting  to  only  32  per  cent.  According 
to  Petit,f  moreover,  saccharose  to  the  extent  of  1 6  per  cent,  does  not 
internipt  gastric  digestion.  Again,  that  the  base  entering  into  the 
composition  of  the  salt  has  much  to  do,  in  many  cases,  with  its  re- 
tarding proteolytic  action,  is  apparent  when  we  compare  the  action 
of  ferric  chloride,  manganous  chloride,  sodium  chloride,  mercuric 
chloride  and  other  metallic  salts.  That  this  action  is  due  in  part  to 
capability  of  combining  with  the  proteid  matter,  thus  rendering  it 
non-digestible,  is  unquestionable. 

Acceleration,  produced  by  neutral  salts  has  been  noticed  by  other 
ohservers,  but  no  explanation  of  the  cause  has  been  offered.  It  seems 
probable,  however,  that  in  the  case  of  pepsin-hydrochloric  acid,  one 
plausible  reason,  at  least,  may  be  suggested.  If,  as  has  been  mentioned, 
many  of  the  neutral  salts  are  decomposed  by  the  acid  of  the  gastric 
juice,  it  would  follow  that  the  addition  of  very  small  amounts  of  the 
salts  would  diminish  slightly  the  percentage  of  free  hydrochloric 
acid,  while  the  acid  liberated  from  the  salt,  would  be  entirely  without 
deleterioas  action.  Nearly  every  experimenter  in  this  direction  has 
employed  in  the  preparation  of  gastric  juice  0-2  per  cent,  hydrochloric 
acid,  which  is  well  adapted  for  the  purpose,  but  the  action  of  the  acid 

is  dependent  in  part  on  the  amount  of  ferment.    With  our  solution  of 

pepsin,  the  following  results,  expressed  in  the  percentage  of  fibrin 

*  Compere  Petit,  Jahresbericht  fiir  Thierchemie,  1880,  p.  309. 
f  Jtthresbericbt  fur  Thierchemie,  1880,  p.  309. 


104 


Chittenden  and  Allen — Injluence  of  various  Salts 


digested,  were  obtained  with  different  percentages  of  hydrochloric 
acid ;  the  amount  of  pepsin  being  the  same  in  each  case. 

Per  cent  HCI 0'05         0*1  0*S  OS  0'4 

Percent,  fibrin  dif?ested     738  89'S  84*0  81-7  638 

Tj'his  shows  plainly,  that,  with  the  amount  of  pepsin  employed  in  our 
experiments,  acceleration  of  proteolytic  action  on  the  addition  of 
neutral  salts,  might  in  some  instances  be  due  to  slight  diminution  of 
free  hydrochloric  acid.  That  this  is  not  the  sole  cause,  however,  is 
plain  from  the  fact  that  closely  related  salts  do  not  act  alike. 

Potassium  bromide  and  Potassium  iodide. 

With  these  two  potassium  salts,  the  following  results  were  ob- 
tained : 


KBr. 

UnditfVBted 
reemac. 

Fibrin 
digested. 

Relative  proteo- 
lyttc  •ctton. 

0 

0-3837  gram. 

61-63  percent 

100-0 

0006  per  cent 

0-3205 

67-95 

110-2 

0-026 

0-3035 

69-65 

113-0 

010 

0-4204 

67-96 

940 

0-60 

0-5690 

43-10 

70-0 

1-00 

0-6203 

37-97 

616 

Kl. 

0 

0-2572  gram. 

;  74-28  per 

cent 

100-0 

0005  per  cent 

02765 

72-46 

97-6 

0025 

0-3421 

65-78 

88-6 

010 

0-2841 

71-59 

96-4 

0-50 

0-6367 

36-33 

48-9 

1-00 

0-7586 

24-14 

32-5 

By  comparison  of  these  two  series  of  results,  we  see  that  there  is 
a  very  decided  difference  in  the  action  of  the  two  salts ;  potassium 
bromide  in  very  small  quantity,  causes  a  decided  acceleration  in  pro- 
teolytic action,  which  is  wholly  lacking  with  potassium  iodide.  Again, 
there  is  a  very  great  difference  in  the  amount  of  retardation  produced 
by  the  two  salts ;  thus  by  comparison  with  their  respective  controls 
we  see,  that  while  1  per  cent,  of  potassium  bromide  causes  retardation 
in  digestive  action,  amounting  to  38*4  per  cent.,  the  same  percentage 
of  iodide  causes  retardation  amounting  to  67*5  per  cent.  It  is  to  be 
supposed,  naturally,  that  in  the  presence  of  large  amounts  of  the 
salts,  the  ferment  must  act  wholly  in  combination  with  hydrobromic 
and  hydriodic  acid  respectively ;  that  is  to  say,  the  hydrochloric 
acid  of  the  gastric  juice  must  have  replaced  these  two  acids  in  the 
potassium  salts,  and  thus  new  pepsin-compounds  formed,  of  which 
pepsin-hydrobroraic  acid  is  the  more  active  digestive  agent. 
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Patzeys,*  indeed,  found  that  he  obtained  practically  the  same 
proteolytic  action  [retarding]  with  pepsin  and  hydriodic  acid,  as 
with  potassium  iodide  and  pepsin-hydrochloric  apid.  The  following 
ref$alt8,  showing  the  relative  digestive  action  of  pepsin  with  hydro- 
bromic  and  hydriodic  acid  respectively,  were  obtained  by  Putzeys. 


HI. 

0*625  gram. 
0*937 

HBr. 

15*86  per  cent. 
31-33 

3*310 

.... 

2*33 

.... 

0*882 
2*200 

gram. 

26-40 
45*60 

.•.. 

3-309 

46*60 

It  is  thus  evident,  that  both  hydrobroraic  and  hydriodic  acid  can, 
to  a  certain  extent,  replace  the  hydrochloric  acid  of  the  gastric  juice, 
although  they  are  much  less  active  than  the  latter  acid.  Moreover, 
hydrobromic  acid  is  much  more  efficient  than  hydriodic  in  connec- 
tion with  the  ferment,  for  in  comparatively  large  doses  the  latter 
acid  will  completely  stop  proteolytic  action.  As  a  practical  result, 
Patzeys  suggests,  that  for  therapeutic  purposes,  potassium  bromide 
and  iodide  should  be  given  -J  to  1  hour  before  meals.  Our  results 
are  plainly  in  accord  with  Putzeys'  observations. 

The  following  table  shows  the  relative  influence  on  the  proteolytic 
action  of  pepsin,  of  the  various  inorganic  salts  experimented  with, 
compared  with  the  controls,  expressed  as  100. 

*  Jihresbericht  far  Thierchemie,  1877,  279.  De  Tinfluenoe  de  Tiodure  et  du  bro- 
onire  de  potassium  sor  la  digestion  stomacale. 

T1AK&  Conn.  Acad.,  Vol.  VXI.  14  Oct.,  ^885. 
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Alkaloid  saUa. 

According  to  Petit,  alkaloids  do  not  interrupt  the  action  of  pepsin 
in  acid  solution.  Wolberg,  however,  found  that  morphine  chloride, 
strychnine,  quinine  sulphate  and  narootine,  used  in  very  small  quantities 
(0*5  grain  to  100  c.  c),  caused  in  every  instance,  excepting  with 
quinine  sulphate,  retardation  amounting  on  an  average  to  nearly  3 
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per  cent.;  with  qainine  sulphate,  slight  acceleration  was  obtained. 
Strychnine  and  narcotine,  in  very  small  quantity,  gave  slight  accel- 
eration. Dr.  H.  Y.  Boeck*  states,  that  quinine  is  without  influence 
on  the  activity  of  pepsin. 

In  our  experiments,  using  larger  amounts  of  the  alkaloid  salts, 
retardation  is  very  pronounced,  doubtless  due  in  part  to  replacement 
of  the  sulphnrio  acid  of  the  salts  by  the  acid  of  the  gastric  juice. 


Alkaloid  salt. 
0 
{Sr),.H,SO4+6H,0. 
0-6  per  cent 

Undigested 
0*3555  gram. 

0-6825 

Plbrin 
digested. 

^-45  per  cent 
31*75 

Relative  proteo- 
lytic action. 

100*0 
49-2 

10 

0-8213 

17*87 

27*7 

\     (Br),.H,S04+H,0. 
0-5 

05685 

43-15 

66-9 

10 

0-7700 

2300 

35-6 

(At),.H,SO,. 
0-5 

0-6412 

35*88 

55*6 

(Q),.H,80*-h7H,0. 
0-5 

0-6606 

33*94 

52-6 

{a),  +  H,S04  +  2HjO. 
0-5 

0-6885 

31*16 

48-3 

(Mo),.  H.SO* +511,0. 
0-5 

0*6225 

37-75 

58*5 

(Na),.H,S04+HgO. 
0-5 

06365 

36-36 

56*4 

Percentage  retardation  of  the  cUkcUoid  salts  (0'6  per  cent) 

Strychnine 50*8 

Brncioe 33*1 

Atropine 44*4 

Qainine 47*4 

Cinchonine 5r7 

Morphine 41-5 

Narcotine 43-6 


*  Zeitschrift  ftir  Biologie,  vol.  vii»  p.  428. 
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STANCES  ON  THE    PROTEOLYTIC  AcTION  OP  THE  PaNCREATIC  FeB- 

MENT.     By  R.  H.  Chittenden  and  Geo.  W.  Cummins,  Ph.B. 

With  the  proteolytic  ferment  of  the  pancreatic  juice,  few  sys- 
tematic experiments  have  been  tried  to  ascertain  the  influence  of 
those  substances  the  frequency  of  whose  use,  as  therapeutic  or  toxic 
agents,  renders  their  action  on  this  ferment  a  matter  of  no  small  con- 
sequence. The  well  known  experiments  of  Heidenhain,  Ktlhne  and 
Schmidt  have  been  confined  to  the  action  of  sodium  carbonate,  sodium 
chloride  and  kindred  salts  of  physiological  importance.  Pfeiffer* 
has  indeed,  in  addition,  experimented  with  a  few  of  the  sulphates  of 
the  alkalies  and  alkali-earths,  but  of  the  large  number  of  metallic 
and  other  salts  in  common  use,  few  have  been  tried,  while  the  action 
of  alkaloids  and  the  gases  occurring  in  the  intestinal  canal,  has  not 
been  studied  at  all. 

Method  employed. 
It  is  a  characteristic  of  the  proteolytic  ferment  of  the  pancreatic 
juice,  that  it  exercises  considerable  digestive  power  in  a  neutrd 
solution.!  In  view  therefore  of  the  fact  that  the  ferment,  while  in  the 
intestinal  canal,  may  be  obliged  to  act  in  an  acid-reacting  medium 
(due  to  acid-proteids)  as  frequently  as  in  an  alkaline  or  neutral  one, 
it  seemed  advisable  in  the  experiments,  to  employ  a  neutral  solution 
of  trypsin.  Moreover,  it  becomes  necessary  to  use  such  a  solution, 
if  salts  of  the  heavy  metals  are  to  be  experimented  with,  since  in 
alkaline  solutions,  carbonates  or  oxides  of  the  metals  would  be  formed 
and  thus  affect  the  results ;  still,  again,  the  action  of  all  substances 
caij  be  best  studied  in  neutral  solution,  since  under  such  conditions, 
no  replacements  or  decompositions  of  any  kind  take  place  to  compli- 
cate the  action  of  the  substance,  other  than  the  direct  action  on  the 
ferment  or  the  proteid  matter.  Hence,  a  neutral  solution  has  in  every 
case  been  employed  as  being  the  most  satisfactory,  while  only  such 
substances  have  been  experimented  with,  as  contained  no  free  acid 
or  alkali,  the  destructive  action  of  which  is  well  known. 

*  Ceutralbl.  med.  Wise.,  1885,  p.  328. 

\  See  Chittenden  and  Cummins,  Amer.  Chem.  Jour.,  vol.  vii,  p.  46.  Also  Trans. 
Oddiu  Acad.,  vol.  vii. 
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The  solution  of  trypsin  was  prepared  according  to  Ktlhne's* 
method  from  dried  ox  pancreas  freed  from  fat ;  40  grams  dry  pan- 
creas ID  500  c.  a  0*1  per  cent,  salicylic  acid,  neutralized  and  diluted  to 
2  Htres.f  In  each  digestion  experiment,  25  c.  c.  of  this  neutral  trypsin 
solution  were  used,  to  which  was  added  25  c.  c.  of  water  containing 
the  substance  to  be  experimented  with,  or  in  the  control  25  c.  c.  of 
water  alone,  making  the  volume  of  the  digestive  mixture  in  each  case 
50  c.  c.  In  testing  the  proteolytic  action  of  the  different  solutions,  1 
gram  of  pure  dry,  pulverized  fibrin,  described  in  the  preceding 
article,  was  added  and  the  mixtures  warmed  at  40°  C.  for  six  hours, 
after  which  the  undigested  fibrin  was  filtered  on  weighed  filters, 
washed  thoroughly  and  dried  at  100-110°  C.  until  of  constant  weight. 

In  this  work  as  in  the  study  of  the  salivary  ptyalin  and  pepsin,  it 
has  been  the  effort  mainly  to  ascertain  the  relative  action  of  small 
quantities  of  the  various  salts,  rather  than  the  percentages  necessary 
to  completely  stop  the  action  of  the  ferment,  this  to  our  mind  being 
mach  the  more  important. 

Mercuric  chloride. 

With  small  percentages  of  this  salt,  the  following  results  were 
obtained : 


H»a,. 

Undlffeated 
reiblae. 

Fibrin 
digested. 

Relative  proteo- 
lytic tctlon. 

0 

0*4495  gram. 

5605  per 

cent. 

1000 

0*002  per  cent. 

0-4466 

66*36 

100-5 

0-003 

0-4405 

65-95 

101-6 

0006 

0-4562      . 

54-38 

98-7 

0-025 

0-5076 

49-24 

89-4 

0100 

0-7753 

22-47 

408 

As  seen  from  the  table,  0*1  per  cent,  mercuric  chloride  diminishes 
the  proteolytic  action  of  the  ferment  more  than  one-half.  Its  action 
in  this  percentage  is  more  energetic  than  on  pepsin,  although  the 
smaller  quantities  are  proportionally  far  less  active;  in  one  case 
(0*003  per  cent.)  even  causing  acceleration. 

WassilieffI  has  studied  the  influence  of  mercurous  chloride  on  pan- 
creatic digestion  and  finds  that  calomel  does  not  affect  the  action 
of  the  proteolytic  ferment,  while  it  does  prevent  the  formation  of 
potrefaction  products,  viz :  indol,  phenol,  etc. 

*  Untersnchtingen  aus  der  phjaiolog.  Inst.  d.  Universltat  Heidelberg,  vol.  i,  p.  222. 

f  The  solution  was  kept  from  putrefaction  by  the  use  of  a  little  20  per  cent. 
aVsobolic  solution  of  thymol ;  enough  of  which  remained  dissolved  in  the  fluid  to  pre- 
sent putrefaction  also  during  the  six  hours  digestion  at  40**  0. 

X  Zeitsduift  fOr  phjaioL  Chemie,  voL  vi,  p.  112. 


no   Chittenden  and  Cummins — Influence  of  various  Substances 

Mercuric  iodide  and  Mercuric  bromide. 
These  salts  dissolved  in  sodium  chloride  in  such  proportion  that  the 
ultimate  solutions  contained  like  percentages  of  both  salts,  gave  the 
following  results : 


Hgl,. 

UndiffMted 
reflfdae. 

FlbHn 
digested. 

Belatiye  proteo- 
lyuc  action. 

0 

0-4707  gram. 

52*93  per  cent. 

1000 

0005 

per 

cent 

0-4780 

52-20 

98-6 

0*025 

0-5085 

49-15 

92-8 

0-100 

0-5994 

40-06 

75-6 

0-200 

0-6580 

34  20 

64-6 

HgBrj. 
0 

0-4707  gram. 

52-93  per  cent. 

100-0 

0005 

per 

cent 

0*4400 

56-00 

105-S 

0026 

0-4840 

51-60 

97-4 

0-100 

0-5721 

42-79 

80-8 

0-200  0-6548  34*52  65*2 

Aside  from  a  slight  acceleration,  noticed  with  0005  per  cent  of 
bromide,  the  two  salts  act  very  much  alike,  causing  retardation  of 
proteolytic  action;  less  pronounced  however,  than  that  caused  by 
mercuric  chloride. 

Mercuric  cyanide. 

The  action  of  this  salt  is  somewhat  peculiar,  causing  at  first  when 
in  small  quantity,  noticeable  retardation  followed  in  the  presence  of 
larger  percentages  by  increased  proteolytic  action,  though  still  below 
the  action  of  the  normal  solution  of  trypsin. 

In  a  general  way,  its  action  on  this  ferment  accords  very  nearly 
with  its  action  on  the  amylolytic  ferment  of  saliva  and  the  proteo- 
lytic ferment  of  the  gastric  juice. 


Htf(CN)t. 

Undlflreated 

i^iSlSd. 

Itelttlre  proteo- 
lytic acttoD. 

0 

0-2668  gram. 

73-32  per  cent 

1000 

0-005  per  cent 

0-3192 

68-08 

92-8 

0-025 

0-3209 

67  91 

92-6 

0060 

0-3244 

67-56 

92-1 

o-ioo 

03308 

66-92 

91*2 

0 

0-3675  gram. 

63-25  percent 

1000 

0-3  percent 

0-4094 

59-06 

93-3 

0-5 

0-3880 

61-20 

96-7 

1-5 

0-3932 

60-68 

95*9 

Its  action  is  to  be  attributed  mainly  to  the  hydrocyanic  acid 
radical,  judging  from  the  action  of  potassium  cyanide  on  the  one 
hand  and  the  action  of  mercury  salts  on  the  other.  There  is,  how- 
ever, without  doubt  a  close  connection  between  the  action  of  these 
salts  and  their  power  of  combining  with  proteid  matter  in  general 
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Cupric  atdphcOe. 
With  this  salt  a  more  energetic  retarding  action  is  to  be  noticed, 
than  in  the  case  of  the  proteolytic  ferment  of  gastric  juice;  0*1 
per  cent,  of  the  salt  causing  a  retardation  in  proteolytic  action  of 
65*7  per  cent,  as  compared  with  a  retardation  of  38*8  per  cent,  in  the 
ease  of  pepsin. 


CaS04+5HtO. 

Undlsetted 
resfdae. 

Fibrin 
digested. 

Relative  proteo* 
lytic  acllon. 

0 

0*5035  gram. 

49*65  per 

cent. 

1000 

0*005  percent. 

0*6027 

49*73 

1001 

0025 

0-5320 

46-80 

94-2 

0-050 

0-5856 

41*44 

83*4 

0100 

0*8296 

17*06 

34-3 

Lead  acetate. 
With  this  salt  the  following  results  were  obtained,  agreeing  essen- 
tially in  the  smaller  percentages,  with  those  obtained  with  cupric 
salphate.  In  the  presence  of  0*1  per  cent,  however,  retardation  is 
&r  less  than  with  the  same  percentage  of  cupric  sulphate ;  0*5  per 
oent.  completely  stops  proteolytic  action. 


nKCt  Ha  Of  >  t +SH 1 0. 

""'^S^ 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0*4562  gram. 

54*38  per 

cent 

100-0 

0005  per  cent 

0-4655 

53*45 

98*2 

0H)25 

0-5391 

46-09 

84*7 

0050 

0*5660 

43-40 

79-8 

0-100 

0*6410 

35  90 

66*0 

0*500 

1*0 

0 

0 

StannoiM  chloride. 

This  salt,  in  conformity  with  its  action  on  the  amylolytic  ferment 
of  saliva,  causes  very  decided  retardation  in  the  proteolytic  action 
of  trypsin,  requiring  but  a  very  small  amount  of  the  salt  to  com- 
pletely stop  the  action  of  the  ferment. 

UndUreited 
SnClf  resldae. 

0  0*3875  gram. 

0-0005  per  oent  0-4496 

0*005  0*5370 

0*026  1*0 

AraeniotM  oxide. 
Sch&fer  and  B5hm  have  experimented  with  arsenious  acid,  study- 
ing its  influence  on  the  proteolytic  action  of  a  glycerine  infusion  of 

*  Abstract  in  Jahresbericht  fOr  Thierchemie,  1872,  p.  363. 


Fibrin 
digested. 

Relative  proteo- 
lytic  action. 

61*26  percent 

1000 

65-06 

89-8 

46*30 

76-5 

0 

0 

112   Chittenden  and  Cummins — Influence  of  various  Subatande^ 

pancreas.  They  find  that  arsenioas  acid  is  without  influence  on  the 
action  of  the  ferment.  We  do  not  know  whether  they  added  aisen- 
ious  acid  to  a  neutral  or  alkaline  solution  of  the  ferment,  as  we  bave 
seen  only  an  abstract  of  their  paper,  but  we  find  that  the  additioD 
of  very  small  amounts  of  arsenious  oxide  to  a  neutral  solution  of 
trypsin,  does  produce  a  slight  retardation  in  the  proteolytic  actioo 
of  the  ferment.  Owing  to  the  comparative  insolubility  of  arsenious 
oxide  in  water,  only  small  percentages  could  be  employed,  but  these 
show,  as  might  be  expected  from  the  acid  character  of  the  substance, 
a  decrease  in  proteolytic  action. 


A«,0,. 

^sssrr* 

Flbrtn 
dlffettfld. 

BelfttlTe  proteo- 
lytic action. 

0 

0*4598  gram. 

5402  per 

cent 

100-0 

0-001 

per 

oetit 

0-4630 

53-70 

99-4 

0005 

0-4513 

54-87 

101-6 

0025 

0-4710 

52-90 

97-9 

0-050 

0-4723 

Arsenic  acid. 

52-77 

97-6 

This  substance,  in  conformity  with  its  more  decided  acid  character, 
causes  greater  retardation  than  arsenious  acid ;  which  fact  tends,  by 
analogy,  to  make  the  retarding  action  of  the  latter  still  more  proba- 
ble.   The  results  are  as  follows : 


H,At04. 

UndUrested 
rairaae. 

Fibrin 
digwted. 

Relative  proteo- 
lyUc  actton. 

0 

0-4598  gram. 

5402  per  cent 

1000 

0-005  per  cent 

0-4663 

54-37 

100-6 

0025 

0-4887 

51-13 

94-6 

0-050 

0-5264 

47-36 

87-4 

0-100 

0-6340 

36*60 

67-7 

Ammonium  arsenate. 

This  salt  in  small  amount,  appears  to  increase  the  proteolytic  action 
of  the  ferment,  which  fact  would  indicate  that  the  retarding  action 
of  the  two  preceding  arsenic  compounds  is  due  more  to  their  acid 
character  than  to  the  arsenic  contained  in  them. 

Undigested  Plbrin  ReUttre  proteo- 

(NB4)3As04.  resldae.  digested.  lytic  actfon. 

0  0-4598  gram.  5402  per  cent  100*0 

0-050  per  cent  0-4620  5380  99-6 

0-100  0-4442  55-58  102-8 

0  0-3675  63-26  100-0 

0-6  0-4071  59-29  93*7 
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Potassium  antimony  tartrate. 

This  compound  of  antimony  fails  to  produce  with  trypsin  the 
marked  acceleration,  noticed  with  the  amylolytic  ferment  studied. 

ITiis  difference  in  action,  since  both  ferments  were  in  neutral  solu- 
tion, indicates  a  specific  difference  in  the  nature  of  the  two  ferments. 
Following  are  the  results  obtained : 


Kf8b0)C«H4Oe. 

UDdiffested 
residue. 

Fibrin 
digested. 

BeUtlve  proteo 
lytic  action. 

0 

0-3978  gram. 

60*22  per  cent 

1000 

0-2  per  cent 

0-4105 

58-95 

97*8 

0-5 

0-4129 

58*71 

97*4 

1-0 

0-4258 

57*42 

96*3 

1-6 

0-5406 

45-94 

76-2 

Ferric  chloride 

an 

d  ferrous  stUphcUe. 

With  these  two  salts  of  iron 

the 

following  results  were  obtained 

re,ci«. 

Undigested 

Flbrtn 
digested. 

Relative  proteo 
lytic  actton. 

0 

0*5215  gram. 

47-86  per  cent 

100-0 

0*005  per  cent. 

0*5431 

45-69 

95-4 

0025 

0-6243 

37-57 

78-6 

0050 

0-7467 

25-43 

63*1 

0-100 

1-0 

0 

0 

PefiO«+7HtO. 

0 

0-4075  gram. 

59-25  per  cent 

100*0 

0-005  per  cent. 

0-4548 

54*52 

92-0 

005 

0-6225 

37-75 

63*7 

0*10 

0-7177 

28-23 

47-6 

0*25 

0-7104 

28*96 

48*8 

0-50 

0-7219 

27*81 

46-9 

1-00 

0-7675 

23-25 

39-2 

1-50 

0-7861 

21*39 

361 

Ferric  chloride  is  seen  to  be  far  more  energetic  in  its  hindering 
action  on  the  proteolytic  ferment,  than  the  ferrous  salt.  A  like  result 
was  obtained  with  the  amylolytic  ferment  of  the  saliva  and  to  a 
lesser  extent  with  pepsin-hydrochloric  acid. 

Bnbnow*  has  tried  experiments  with  both  of  these  salts  and  found, 
as  might  be  expected,  that  when  present  to  the  extent  of  5  per  cent, 
tbey  prevented  the  appearance  of  putrefaction  products  (indol,  phe- 
nol, etc)  but  did  not  interfere  with  the  action  of  the  unorganized 
fennent.  As  no  quantitative  results  were  obtained,  we  can  make  no 
direel  comparisons.  In  our  experiments,  it  is  to  be  remembered  that 
pQtrefaetion  is  prevented  by  thymol. 


*  Zeitschrift  fur  phjsiol.  Chemie.,  vol.  vii,  p.  327. 
TiAire.  Coini.  Acad.,  Vou  VII.  15 
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Mant/anous  chloride. 
Following  are  the  results  obtained  with  this  salt : 

Undif  eated  Fibrin  Belatlye  proteo- 

MnClf.  residue.  digested.  lytic  action. 

0  0-52J6gram.  47*86  per  cent  100-0 

0005  per  cent  0-6201  4799  1003 

0060  0-6139  48-61  1016 

0100  0-5483  4617  94*4 

0-500  0-6807  3193  667 

Comparing  the  influence  of  this  salt  on  the  proteolytic  action  of 
trypsin,  with  the  results  obtained  with  the  closely  related  iron  salts, 
it  is  seen  that  the  manganese  salt  has  a  far  less  retarding  influ- 
ence than  the  latter ;  a  fact  which  agrees  with  what  was  observed 
in  studying  its  action  on  pepsin-hydrochloric  acid. 

Consequently,  manganese  salts,  in  so  far  as  they  are  adapted  to 
replace  iron  salts  as  therapeutic  agents,  are  apparently  less  liable  to 
interfere  with  normal  digestive  action. 


Zinc 

siUphat 

e. 

ZnS04+7HtO. 

Undteested 
rcsulae. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-5035  gram 

49-65  per 

cent 

100-0 

0-005  per  cent 

05175 

48-25 

97-2 

0026 

0-6806 

41-95 

84-5 

0-050 

0-6802 

31-98 

64-4 

0-100 

0-8301 

16-99 

34-2 

The  action  of  this  salt  on  trypsin  is,  both  in  character  and  extent, 
similar  to  its  action  on  the  amylolytic  ferment  of  saliva.  Com- 
pared with  pepsin-hydrochloric  acid,  however,  the  action  of  the  salt 
is  seen  to  be  more  energetic  on  the  pancreatic  ferment. 

barium  chloride. 
The  following  results  were  obtained : 


i,+2H,0. 

Undigested 
residue. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-3710  gram. 

62-90  per  cent. 

100-0 

0*06  per  cent. 

0-3616 

64-85 

1031 

0-5 

0-3886 

61-15 

97-2 

30 

0-4986 

50-14 

79-7 

With  this  salt  a  slight  acceleration  in  proteolytic  action  is  to  be 
seen  with  0'06  per  cent.,  while  the  larger  amounts  cause  noticeable 
retardation. 

Magnesium  sulphate. 


Mg804-|-7H,0. 

Undigested 
resldae. 

Fibrin                     Relative  proteo- 
digested.                       lytic  action. 

0 

0  3495  gram. 

65-06  per  cent           100-0 

005  per  cent. 

0-3541 

64-59                               99-3 

0-5 

0-3810 

61-90                               96-1 

3-0 

0-4706 

52-94                               81-3 
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Here  retarding  action  is  similar  in  extent  to  the  action  of 
barium  chloride.  Compared  with  zinc  sulphate,  the  difference  in 
action  on  trypsin  is  about  the  same  in  extent  as  the  difference  found 
ID  the  action  of  the  two  salts  on  the  amylolytic  ferment  of  saliva. 
The  retarding  action  of  this  salt  on  pancreatic  digestion  has  been 
previoosly  noticed  by  Pfeiffer.* 

Potassium  permangancUe. 
The  retarding  action  of  potassium  permanganate  is  very  pro- 
noonced.  There  is,  however,  a  noticeable  difference  between  the 
action  of  the  salt  on  trypsin  and  its  action  on  pepsin  and  pty^Iin,  the 
two  latter  being  much  more  readily  affected  by  the  permanganate ; 
that  is,  by  much  smaller  percentages. 


KsMotOs. 

UDdigettod 
residae. 

Fibrin 
dlffested. 

Beltttre  proteo- 
lytic action. 

0 

0*4562  gram. 

54-38  per  cent. 

100-0 

0-001  per 

cent. 

0-4570 

54-30 

99-8 

0-003 

0-4608 

53-92 

99-1 

0-010 

0-4833 

51-67 

95-0 

0 

0-3675 

63-25 

1000 

0-1 

0-4487 

5513 

87-1 

0-6 

0-7769 

22-31 

35-2 

1-0 

10 

0 

0 

Potassium  dichromate. 

KiCr«07. 

Undigested 
residue. 

Fibrin 
digested. 

Relative  proteo- 
lytic acUon. 

0 

0-3978  gram. 

60-22  percent. 

100-0 

0-05  per  ceot. 

0-4032 

59-68 

99-1 

0-2 

0-4245 

57-55 

95-5 

0-5 

0-4693 

5307 

88-1 

10 

0-5525 

44-76 

74-3 

1-5 

0-6321 

36-79 

61-0 

The  retarding  action  of  this  salt  is  proportionally  greater  than 
that  of  the  other  potassium  salts,  indicating  that  the  acid  has  a 
specific  action  of  its  own.  Moreover,  being  an  acid  salt,  the  acid  radi- 
cal is  present  in  larger  amount  than  in  the  neutral  potassium  salts 
experimented  'with. 

Potassium  cyanide. 

The  very  pronounced  acceleration  in  proteolytic  action  caused  by 
the  larger  percentages  of  this  salt  is  very  interesting,  especially  when 
▼e  recall  the  fact,  that  the  retarding  action  of  the  same  salt  on  the 


*  Centralbl.  med.  Wisa.,  1885,  p.  328. 
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amylolytic  ferment  of  saliva  and   on   the  proteolytic  ferment  of 
gastric  juice  was  equally  decided,  even  with  very  small  pecentages. 


KCN. 

Undigested 
residue. 

dSSlSd. 

RelatlTS  proteo- 
lytlo  ftction. 

0 

0-2668  gram. 

73-32  per  cent. 

1000 

0-006  per  cent 

0-2790 

72-10 

98-3 

0-025 

0-2840 

71-60 

976 

0-050 

0-2678 

73-22 

99-8 

0100 

0-2600 

7400 

100-9 

0 

0-3676 

63-26 

1000 

0-3 

0-2076 

79-24 

126-2 

0-6 

0i985 

80-15 

126-7 

1-0 

0-2697* 

7303 

115-4 

1-6 

0-33 16» 

66-85 

105*6 

Potassium  ferrocf/anide  and  Potassium  ferricyanide. 
With  these  two  salts  the  following  results  were  obtained  : 


K4Fe(CH)6+«Ht0. 

Undigested 
residue. 

Fibrin 
digested. 

Belatlve  proteo 
lytic  action. 

0 

0-3046  gram. 

69-56  per  cent 

100-0 

0*005  per  cent 

0-3363 

66-37 

95-4 

0-60 

0-3293 

67  07 

96-4 

2-00 

0-3753 

62-47 

89-8 

K6Fe,(CN),, 

0-005  per  cent. 

0-3268 

67-32 

96-8 

0-05 

0-3370 

66-30 

95-3 

200 

0-3912 

60-88 

87-6 

Here,  unlike  the  cyanide,  there  is  no  acceleration  in  the  proteolytic 
action  of  the  ferment,  neither  on  the  other  hand  is  there  very  pro- 
nounced retardation;  less  indeed  than  is  produced  by  a  like  per- 
centage (2*0)  of  sodium  chloride. 

Sodium  tetraborate. 
With  this  salt  we  obtained  the  following  results : 


NafB4O7+10HtO. 

Undigested 
resldne. 

Fibrin 
digested. 

RelatlYe  proteo- 
lytic acOon 

0 

0-41 16  gram. 

58-84  per  cent 

1000 

006 

per  cent. 

0-3729 

62-71 

106-5 

0-2 

0-3260 

67-40 

.         114-6 

0-5 

0-2332 

76-68 

130-3 

10 

0-1860 

81-40 

188-3 

20 

01663 

83-37 

141.7 

30 

0-2276 

77-24 

131-2 

5-0 

0-3141 

68-59 

116-5 

*  It  was  impossible  to  wash   these  completely,   consequently  the  weights  are 
undoubtedly  too  high. 
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Here,  unlike  the  action  of  the  salt  on  the  two  preceding  ferments 
studied,  there  is  to  be  seen  a  gradual  increase  in  proteolytic  action, 
which  is  very  pronounced  in  the  presence  of  2  per  cent,  of  the  salt, 
then  gradually  diminishes ;  although  even  with  6  per  cent,  of  the 
crystallized  salt,  the  action  of  the  ferment  continues  to  be  increased 
far  above  that  of  the  normal  juice. 

Sodium  sulphate. 
Following  are  the  results  obtained  : 


5asSO4+10HtO. 

UndUrested 
residae. 

0 

0-3496  g 

0*06  per  cent 

0-3602 

0-6 

0-355S 

2-0 

0*3938 

6-0 

0-4360 

Fibrin 
dltfetted. 

BeUtlve  proteo- 
lytic aetioii. 

65*05  per 

cent. 

100-0 

63*98 

98-3 

64-42 

99-0 

60-62 

931 

56*40 

86*7 

The  retarding  action  of  this  salt  is  quite  pronounced,  although  it 
is  noticeable  that  its  retarding  action  is  not  equal  to  that  of  mag- 
nesinm  sulphate  nor  indeed  to  that  of  sodium  chloride.  PfeifTer* 
has  also  noticed  the  retarding  action  of  this  salt.  Weiss,f  however, 
has  stated  that  sodium  sulphate  in  very  small  quantity  increases 
the  proteolytic  activity  of  a  pancreas  extract.  As  we  have  not 
se^  the  original  article  we  do  not  know  whether  definite  per- 
centages were  employed  or  not;  with  0*06  per  cent,  of  the  crys- 
tallized salt,  under  the  conditions  of  our  experiment,  there  was 
certainly  no  acceleration  in  proteolytic  action. 

Potassium  chhrate  and  Potassium  nitrate. 


1 

[Tndigetted 
retldne. 

Fibrtn 

Uelatlvo  proteo- 

KaO). 

digested. 

lytic  action. 

0 

0*3662  gram. 

63-38  per 

cent 

100*0 

0  05  per  cent 

0-3991 

60-09 

94*8 

0-60 

0-3743 

62-57 

98*7 

21)0 

0*4101 

58-99 

93*0 

KSOs. 

0 

0-3710  gram. 

62*90  pel 

cent. 

100-0 

0*05  per  cent 

0-3751 

62-49 

99-3 

0*5 

0-3804 

61-96 

98-5 

2*0 

0*4080 

59*20 

941 

60 

0-4473 

55-27 

87*8 

*  Loccit 

t  Jahreabericht  fttr  Thierchemie,  1876,  p. 

177. 
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The  effects  of  these  two  salts  on  the  proteolytic  action  of  the  fer 
ment  are  very  similar,  with  the  exception  that  potassium  chlorate 
appears  to  be  a  little  more  energetic  in  action  than  the  nitrate. 
Weiss*  has  stated  that  a  very  small  quantity  of  potassium  nitrate 
added  to  a  pancreas  infusion,  causes  slight  increase  in  the  proteolytic 
activity  of  the  ferment  This,  however,  is  not  observable  in  our  ex- 
periment with  0*06  per  cent.,  although  retardation  is  very  slight 

Potassium  chloride. 
This  salt,  unlike  sodium  chloride,  appears  to  cause  retardation  of 
proteolytic  action,  and  is  without  any  accelerating  influence   wha^ 
ever.     The  extent  of  its  retardation,  however,  is  not  so  great  as  in 
the  case  of  sodium  chloride.     Following  are  the  results  obtained. 


KCl. 

Undigested 
resTdae. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0*3662  gram. 

63-38  per 

cent 

1000 

0'05  per  cent. 

0-3740 

62-60 

98-7 

0-5 

0-3672 

6327 

99-8 

20 

0-4331 

56-69 

89-4 

50 

0-4723 

52-77 

83-2 

Sodium  chloride. 
With  this  salt  many  previous  experiments  have  been  tried ;  Heid- 
enhain,f  after  noting  the  accelerating  action  of  sodium  carbonate, 
tried  the  influence  of  sodium  chloride  and  found  that  it  increased 
the  proteolytic  power  of  the  ferment.  E.  Pfeiffer^  however,  states 
that  he  found  sodium  chloride  to  exert  a  retarding  influence  on  the 
proteolytic  action  of  the  pancreatic  ferment.  PfeifferJ  moreover 
states  that  he  found  sodium  carbonate  to  exert  its  accelerating  action 
only  when  present  in  0*5  per  cent,  not  in  0*24  per  cent,  as  found  by 
Heidenhain.  Recent  resultsg  obtained  by  us  in  another  connection, 
however^  fully  substantiate  Ileidenhain's  statements  on  thre  point 
Lastly,  Lindberger||  has  found  that  sodium  chloride,  which  in  a  neu- 
tral or  alkaline  solution  of  trypsin  accelerates  its  proteolytic  action, 
causes  in  an  acid  solution  (0*018  per  cent  HCl,  presumably  as  acid- 
proteid)  marked  retardation  of  ferment  action,  without,  however, 


*  Loc.  cit 

t  Beitrage  zur  Kenntnisa  des  Pancreas,  Pfluger's  Archiv,  vol.  x,  p.  678. 
X  Loc.  cit 

§  Chittenden  and  Cummins,  Amer.  Ohein.  Jour.,  vol.  vii,  p.  46-47.     Also  Trans. 
Conn.  Acad.,  vol.  vii. 

I  Jahresbericht  fur  Thierchemie,  1883,  p.  281. 
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caosiog  destruction  of  the  ferment,  as  after  dialysis  the  ferment  was 
again  active. 

Our  results  accord  in  the  main  with  Heidenhain's ;  acceleration, 
followed  by  retardation  of  proteolytic  action  as  seen  from  the  follow- 
ing figures. 


N»C1. 

Undkeetod 
reiTdiie. 

Fibrin 
digested. 

Belatlye  proteo- 
lytic action. 

0 

0*2993  gram. 

70-07  percent. 

100-0 

0*05  per  cent. 

0-2636 

73-66 

1051 

0-2 

0-3001 

69-99 

99-8 

0-5 

0-3372 

66-28 

94-6 

10 

0-3923 

60-77 

86-7 

2-0 

0-4362 

56-48 

80-6 

30 

0-4361 

66-39 

80-4 

50 

0-4740 

62-60 

760 

Potassium  bromide  and  potassium  iodide. 

The  action  of  these  two  salts  is  wholly  an  accelerating  one ;  more 
pronounced,  however,  in  the  case  of  the  bromide  than  in  the  iodide. 
Following  are  the  results  of  the  experiments : 


KBr. 

Undteeeted 
reefdne. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-3881  gram. 

61-19  percent 

1000 

0-06  per  cent 

0*3773 

62-20 

101*6 

0-6 

0-3681 

63-19 

103-2 

2*0 

0*3795 

62*06 

101*4 

50 

0-3278 

67*22 

109-8 

KI. 

0 

0*3881  gram. 

61-19  per  cent 

1000 

0*05  per  cent 

0-3675 

64-26 

1060 

0-6 

0-3915 

60*86 

99-4 

3-0 

0*3897 

61*03 

99-7 

Inflttence  of  gases  on  the  proteolytic  action  of  trypsin, 
Podolinski*  in  Heidenhain's  laboratory,  has  shown  that  oxygen 
gas  has  the  power  of  converting  the  zymogen  of  pancreas  into  the 
active  ferment  and  that  carbonic  acid  is  without  such  power;  more- 
over, that  carbonic  acid  added  to  a  sodium  carbonate  solution  of 
pancreatin  (trypsin)  retards  the  proteolytic  action  of  the  ferment, 
because  the  normal  carbonate  is  thus  changed  into  acid  carbon- 
ate which  does  not  favor  the  action  of  the  ferment  so  well  as  the 
simple  salt.  Hydrogen  was  found  to  be  without  such  action.  Podo- 
linaki  further  found  that  while  oxygen  favored  the  conversion  of 
zymogen  into  the  ferment,  it  did  not  influence  the  proteolytic  action 

*  Pfliiger*8  Archiv,  vol.  xiii,  p.  426. 
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the  ferment.  Hydrogen  was  also  foand  to  be  withont  marked  actioD 
on  the  ferment,  but  carbonic  acid  retarded  decidedly  the  proteolytic 
action  of  the  ferment  in  an  alkaline  solution. 

We  have  tried  the  influence  of  three  gases,  such  as  the  ferment 
would  naturally  be  brought  in  contact  with  in  the  intestinal  canal, 
and  find  that  they  exert  a  marked  influence  on  the  activity  of  the 
fertiieot.  We  employed,  as  in  the  preceding  experiments,  a  neutral 
solution  of  trypsin,  and  kept  the  solutions  saturated  with  the  gas 
during  the  experiment,  by  passing  a  constant  current  through  the 
fluid  contained  in  a  small  flask.  As  a  control,  air  was  passed 
through  one  digestive  mixture,  which  served  to  keep  the  powdered 
fibrlu  in  an  equal  state  of  agitation  and  thus  make  accurate  coin- 
pan  son  possible. 

Following  are  the  results: 

Undigeited  Fibrin  Belatlye  proteo- 

reflldae.  digested.  lytic  action. 

Air 0-4218  gram.  67*82  percent.  1000 

Eydrogen  (H) 0-3670  63-30  1 09- 1 

Carbonic  acid  (CO,) 0-6666  43-36  749 

Hydrogen  sulphide  (H,S).  0-4884  61-16  88*6 

From  this  it  is  seen  that  hydrogen  gas  causes  a  slight  acceleration 
iu  the  proteolytic  action  of  the  ferment,  while  carbonic  acid  causes 
marked  retardation,  which  fact  agrees  with  Podolinski's  results,  and 
sliowe  moreover,  that  the  action  of  the  gas  is  the  same  in  neutral  and 
alkaline  solutions.  Hydrogen  sulphide  also  causes  retardation, 
althaugh  not  so  marked  as  carbonic  acid. 

Influence  of  alkaloid  saUS  on  the  proteolytic  action  of  trypsin. 

So  far  as  we  know,  no  previous  experiments  have  been  tried  on  this 
»uh  ject.  Our  results  show,  so  far  as  our  experiments  extend,  a  greater 
susceptibility  on  the  part  of  trypsin  to  the  action  of  alkaloids  than  the 
amylolytic  ferment  of  saliva.  Moreover,  with  trypsin,  the  alka- 
loi<b  in  only  one  case  cause  acceleration  of  proteolytic  action.  Com- 
pared with  pepsin-hydrochloric  acid,  however,  we  find  that  neutral 
solutions  of  trypsin  are  not  so  readily  affected  as  the  former  ferment, 
except  by  one  alkaloid,  viz:  narcotine,  where  retarding  action  is  very 
pronounced.  All  of  the  alkaloids  experimented  with  were  in  the 
form  of  pure  sulphates. 

Morphine  stdphate. 

This  salt  exerts  but  little  retarding  action.  The  results  are  as 
follows : 


on  the  Proteolytic  Action  of  the  Pancreatic  Ferment,         1 2 1 


(M0)«.HfSO4+5HgO. 
0 

0*06  per  cent. 

0-6 

20 


Undiff^t«d 
re«faiie. 

0*3876  gram. 

0-3952 

0-4106 

0-4542 


Flbrio 
digested. 

€1-25  per  cent. 

60-48 

58-95 

54-58 


Relative  proteo- 
lytic action. 

100-0 

98.7 

96-2 

89-1 


Atropine  sidphate. 
This  alkaloid  is  very  similar  to  morphine  in  its  action, 

idlseated  Fibrin 

«sidtie.  digested. 

0-3876  gram.  61-26  per  cent 


(At),.H,804. 

0 

0-05  per  cent. 
0-5 
2-0 


Und 
resfc 


0-3909 
0-4078 
0-4619 


60-91 
69-22 
53-81 


Relative  proteo> 
lytic  action. 

1000 

99-4 

96-6 

87-8 


Stolnikow"^  has  stated  that  a  very  small  amount  of  atropine  sul- 
phate is  withoat  influence  on  the  ferment  power  of  a  glycerine  ex- 
tract of  pancreas,  but  that  large  amounts  of  the  alkaloid  salt,  con- 
siderably diminish  the  proteolytic  action  of  the  ferment. 


Strychnine  sulphcUe  and  Brucine  sulphate. 
These  two  alkaloids  produce  more  marked  effects  on  the  ferment, 
than  the  preceding.     Of  the  two,  as  the  results  show,  strychnine  is 
more  powerful  in  preventing  proteolytic  action. 


Alkaloid  salt. 

UndlMsted 
retidne. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-4611  gram. 

64-89  per 

cent 

1000 

(Sr),.H,SO4  +  6H,0. 

0-05  per  cent 

0-4760 

52-40 

95-4 

0-5 

0-5792 

4208 

76-6 

20 

0-6882 

3118 

56-8 

(Br),.H,S04  +  H80. 

0^5 

0-4915 

50-85 

92-6 

0-6 

0-5480 

45-20 

82-3 

2*0 

0-5452 

45-48 

82-8 

JVdrcotine  sulphate. 

(St)t.HtS04+HtO. 

Undigested 
residue. 

Fibrin 
digested. 

Relative  proteo- 
lytic action. 

0 

0-4611  gram. 

54-89  per  cent. 

100-0 

0i)5  per  cent 

0-5206 

47-95 

87-3 

0-5 

0-9943 

057 

10 

2-0 

1-0 

0 

0 

This  alkaloid  causes  a  complete  stopping  of  proteolytic  action ; 
nearly  so,  even  when  present  to  the  extent  of  only  0*5  per  cent. 


*  Virchow's  Archiv,  vol.  xc,  p.  435. 
Teaks.  Oomh.  Acad.,  Vol.  VIL  16 


Oct.,  1885. 
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Quinine  sulphate,  Cinchonine  sulphate  and  Cinchonidine  sulphate. 
The  following  table  of  results  shows  the  action  of  these  three  salts: 


\Ika1old  Bait. 

Undigested 
residae. 

Fibrin 
dlgeeted. 

Relative  proteo- 
lytic action. 

0 

0*4679  gram. 

53-21  percent. 

100-0 

(Q),.HaS04  +  1H,0. 

0  06  per  cent. 

0-4811 

51-89 

97-5 

0-5 

0-6310 

36-90 

69-3 

2-0 

0-7600 

24-00 

45-1 

(Ci),.H»S04  +  2HaO. 

0-05 

0*4868 

51-32 

96-4 

0-6 

0-6409 

35-91 

67-4 

20 

0-8327 

16-73 

31-4 

(Cidine),.HaS04  +  3HaO. 

0  05 

0-4467 

65-33 

1040 

0-6 

0-5977 

40-23 

76-6 

2-0 

0-7707 

22-93 

430 

Cinchonidine,  in  the  smallest  percentage,  causes  a  slight  accelera- 
tion in  proteolytic  action ;  retardation  is  also  less  marked  with  O'd 
per  cent,  than  in  the  case  of  the  other  two  alkaloids.  Otherwise  the 
results  arc  much  alike. 

On  the  opposite  page  is  a  table  showing  relative  action  of  the 
various  salts  on  the  proteolytic  power  of  the  ferment,  compared 
with  the  action  of  the  controls  expressed  as  100. 

O.  Nasse,*  by  a  study  of  the  influence  of  various  salts  (inorganic) 
on  fermentation,  particularly  their  influence  on  the  amylolytic  action 
of  the  salivary  ferment,  pancreatic  ferment,  and  the  invert  ferment 
of  yeast,  came  to  the  conclusion  that  there  is  a  manifest  and  import- 
ant dependence  on  the  part  of  the  ferments  in  question,  in  their 
action,  on  the  presence  of  salt  molecules,  and  moreover,  that  this 
dependence  is  specific  for  each  individual  ferment ;  that  the  quantityi 
as  well  as  the  quality  of  a  salt,  exercises  a  specific  influence  upon 
each  ferment. 

Our  own  results,  with  still  different  ferments,  and  with  a  larger 
number  of  substances,  both  related  and  more  varied  in  character,  all 
testify  to  the  tnith  of  this  statement,  viz:  that  the  unorganized  fer- 
ments are  much  influenced  by  the  presence  of  salts,  and  moreover, 
that  there  is  no  distinct  relationship  among  the  ferments  in  question 
in  their  behavior  towards  the  various  salts  experimented  with,  as  a 
study  of  the  three  tables  of  comparisons  show.  Thus  one  and  the 
same  salt  may  affect  two  ferments  in  quite  a  different  manner,  as  seen 

♦  Pflflger'a  Archiv,  vol.  xi,  p.  157. 
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in  the  action  of  sodium  tetraborate  on  the  salivary  ferment  and  on 
trypsin. 

It  is  moreover,  evident,  from  a  comparison  of  the  results  obtained 
with  the  three  ferments,  that  under  the  conditions  of  dilution,  etc, 
with  which  our  experiments  were  tried,  the  salivary  ferment  is  the 
most  sensitive  to  the  action  of  the  various  salts,  while  of  the  other 
two,  trypsin  is  as  a  rule  most  readily  affected.  Still,  it  is  hardly 
possible  to  draw  a  direct  comparison  between  the  two  proteolytic 
ferments,  since  they  act  under  such  different  conditions;  the  fact 
that  pepsin  acts  only  in  an  acid  medium  and  that  both  the  strength 
and  nature  of  the  acid  affect  the  activity  of  the  ferment,  intro- 
duces an  additional  factor  which  makes  direct  comparison  in  the 
case  of  the  two  ferments  impossible.  The  possible  reason  for  the 
slight  acceleration  of  proteolytic  action  produced  by  several  neutral 
salts,  in  the  case  of  pepsin-hydrochloric  acid,  has  been  already  referred 
to;  but  why  neutral  salts,  which  in  large  percentages  show  retarding 
action,  should  in  smaller  percentages  added  to  a  neutral  solution  of 
the  ferment  (ptyalin  or  trypsin)  produce  acceleration,  can  only  be 
conjectured.  We  might  assume  a  simple  stimulation  of  ferment 
action  by  mere  contact.  That  it  may  become  very  pronounced,  is 
evident  from  the  action  of  borax,  potassium  cyanide  and  potas- 
sium bromide  in  the  case  of  trypsin  and  mercuric  cyanide,  ammonium 
arsenate,  ferrous  sulphate,  potassium  chlorate,  sodium  chloride,  tartar 
emetic,  and  alkaloid  salts  in  the  case  of  the  salivary  ferment. 

As  to  the  manner  in  which  the  various  salts  produce  retardation 
of  ferment  action,  it  would  appear  as  if  many  of  the  results  obtained, 
could  be  accounted  for  only  by  assuming,  in  addition  to  the  views 
already  offered,  a  direct  influence  in  many  cases,  either  destructive 
or  hindering,  on  the  ferment  itself. 

Those  substances,  which  are  particularly  injurious  to  animal  cells 
show  in  many  cases  no  retarding  action  whatever,  on  the  unformed 
ferments ;  this  is  pai-ticularly  noticeable  in  the  case  of  the  arsenic 
compounds,  which  affect  the  ferments  only  as  the  solutions  become 
acid.  On  the  other  hand,  certain  of  the  metallic  salts  are  alike  inju- 
rious to  both  and  doubtless  for  the  same  reason,  viz :  on  account  of 
their  power  of  combining  with  albuminous  matter,  which  fact  applies 
with  equal  force  to  the  vegetable  organisms  (organized  ferments). 
Nearly  all  germicides  act  injuriously  on  the  unformed  ferments. 
Many  salts,  however,  well  known  as  antiseptics,  are  without  injuri- 
ous action,  except  when  present  in  large  quantity ;  notably  borax  in 
the  case  of  trypsin  or  boracic  acid  in  the  case  of  pepsin-hydrochloric 
acid. 


VIII. — Influence  of  Temperature  on  the  Relative  Amtl- 
OLTTic  Action  of  Saliva  and  the  Diastase  of  Malt.  By 
R.  H.  Chittenden  and  W.  E.  Mabtin,  Ph.B. 

It  has  long  been  known  that  the  ferment  of  saliva  and  the  diastase 
of  malt,  differ  from  each  other  in  the  temperature  best  adapted  to 
ibeir  anjylolytic  action.  Paschutin*  states  that  saliva  ten  times  dilu- 
ted, converts  starch  into  dextrin  and  sugar  most  rapidly  at  38°  to 
41°  C,  while  the  strongest  action  of  the  malt  ferment  occurs  at  70°  C. ; 
rising  slowly  from  50°  C.  up  to  this  temperature.  According  to 
Ktlhne,f  the  amylolytic  action  of  salivary  ptyalin  is  most  energetic 
at  35°  C,  while  the  action  of  malt  diastase  is  most  rapid  at  66°  C. ; 
ptjalin  being  destroyed  at  60^  C.  Kjeldahl|  states  that  the  amylolytic 
power  of  diastase  rapidly  increases  with  increase  of  temperature  up 
to  +50*  C.  By  54°  C,  ferment  action  is  more  vigorous  than  at  60° 
C,  while  maximum  action  lies  between  +54°  C.  and  +63°  C.  Above 
+63°  C.  amylolytic  action  rapidly  diminishes  with  increase  in  tem- 
perature. 

Exposing  diastase  for  a  long  time  to  a  temperature  below  63°  C. 
does  not,  according  to  Kjeldahl,  weaken  perceptibly  the  action  of  the 
ferment.  Higher  temperatures,  however,  cause  a  diminution  in  amyl- 
olytic power  proportional  to  the  length  of  time  the  feiment  is  heated ; 
thus  Kjeldahl  states  that  long  continued  warming  at  +66°  C.  produces 
the  same  effect  upon  diastase  as  heating  for  a  shorter  time  at  +70°  C. 
For  the  ptyalin  of  saliva,  Kjeldahl  finds  the  temperature  most  favor- 
able for  amylolytic  action  to  be  about  +46°  C.  From  this  tempera- 
tore,  amylolytic  action  diminishes  on  both  sides,  although  somewhat 
more  rapidly  by  increase  in  temperature. 

0'Sullivan§  and  Brown  and  Heron||  have  also  studied  the  in- 
fluence of  temperature  on  the  amylolytic  action  of  malt  extract, 
more  however  with  a  view  to  ascertaining  the  relative  proportion  of 
products  (maltose  and  dextrin)  formed  and  the  nature  of  the  change 
infolved,  than  any  comparison  of  the  effect  of  temperature  on  the 
energy  of  the  ferment. 


•  Quoted  by  Hoppe-Seyler,  Physioloj^ische  Chemie.  p.  187. 
f  Lehrbadi  der  Physiologischen  Chemie,  p.  20-21. 
t  Abstract  in  Jahresbericht  ftif  Thierchemie,  1879,  p.  381-383. 
§  Od  tbe  action  of  malt-extract  on  starch,  Journal  Chem.  Soc.,  1876,  ii,  p.  125. 
I  Beiirige  zur  Geecbichte  der  Starke  und  der  Yerwandlungen  derselben.      Liebig's 
Aanaleo  der  Chemie,  vol.  cxcix,  p.  213.     Also  Journal  Chem.  Soc. 
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Htlppe*  likewise,  has  made  a  study  of  the  effect  of  high  tempera- 
tures on  the  two  ferments,  in  manner  similar  to  the  experiments  of 
Bull,  Httfner  and  Salkowski,  not,  however,  to  ascertain  the  effects  of 
definite  temperatures  on  ferment  action,  but  rather  to  ascertain  the 
extent  to  which  the  dry  ferments  can  be  heated  without  destroying 
their  peculiar  properties. 

It  has  been  our  purpose  to  obtain  by  quantitative  methods,  definite 
expressions  of  the  influence  of  temperature  on  the  relative  amylolytic 
action  of  the  two  ferments. 

Our  method  of  determining  amylolytic  action,  is  based  upon  the 
gravimetnc  determination  of  the  cupric  oxide-reducing  power  of  the 
solution,  resulting  from  the  action  of  the  ferment  upon  starch  paste, 
according  to  the  method  of  AUihn.f  This  gives  very  concise  and 
definite  results  of  admitted  accuracy.  The  cupric  oxidfe-reducing 
power  of  a  solution,  resulting  from  the  amylolytic  action  of  these  two 
ferments,  must  necessarily  express  the  degree  of  intensity  of  ferment 
action,  since  the  more  energetic  the  action,  the  larger  the  amount  of 
sugar  (maltose  and  dextrose)  formed,  with  higher  reducing  power; 
while  the  weaker  the  action,  the  larger  the  amount  of  dextrins 
with  lower  reducing  power. 

The  amylaceous  material  employed  in  the  experiments,  was  purified 
corn  starch.  In  each  experiment  1  gram  of  the  starch  was  made  into 
a  paste  with  50  c.  c.  of  boiling  water,  then  40  c.  c.  more  water  were 
added,  and  lastly,  when  everything  was  in  readiness,  10  o.  c.  of  the 
ferment  solution,  either  saliva  or  malt  extract ;  thus  making  a  volume 
of  100  c.  c.  containing  1  per  cent,  of  starch.  In  every  case,  the  fer- 
ment was  allowed  to  act  upon  the  starch  at  the  desired  temperature 
for  exactly  thirty  minutes,  when  further  ferment  action  was  at  once 
stopped  by  the  addition  of  a  definite  quantity  of  dilute  acid.  The 
ferment  being  thus  destroyed,  the  solution  was  neutralized  by  adding 
an  amount  of  sodium  hydroxide  equivalent  to  the  acid,  after  which 
the  solution  was  concentrated,  then  made  up  to  exactly  100  c.  c,  and 
in  25  c.  c,  or  one-fourth  of  the  filtered  fluid,  the  reducing  bodies  were 
determined.  From  the  weight  of  metallic  copper  so  obtained,  the 
reducing  bodies  are,  for  the  sake  of  comparison,  calculated  as  dex- 
trose, from  which  in  turn  is  calculated  the  percentage  of  starch  con- 
verted. Naturally  the  amount  of  starch  digested,  is  larger  than  the 
figures  indicate,  since  the  reducing  power  of  maltose  and  the  dex- 
trins is  much  smaller  than  that  of  dextrose,  but  the  above  method 
of  calculation  is  most  convenient  and  for  comparison  quite  sufficient. 


*  Jahresbericht  fur  Thierchemie,  1881,  p.  446.     Ueber  das  Verhalten  uogeformter 
Fermente  gegen  hohe  Temperaturen. 
t  Zeitechrift  fur  Analytische  Chemie,  xxii,  p.  448. 
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7%«  saliva  employed  in  the  experiments  was  filtered,  human 
mixed  saliva,  carefully  neutralized  and  then  diluted  ;  fiO  c.  c.  saliva 
to  80  c  c.  water.  As  10  c.  o.  of  this  fluid  were  used  in  each  experi- 
ment, 1  gram  of  starch  was  exposed  to  the  action  of  2  c.  c.  of  normal 
saliva  in  a  dilution  of  1 :  50. 

The  malt  extract  was  prepared  from  coarsely  ground,  malted  barley 
by  extracting  10  grams  with  200  c.  c.  water  at  40°  C.  for  3-4  hours ; 
then  filtering,  neutralizing  and  diluting  to  500  c.  c,  a  few  drops  of 
thymol  being  added  to  prevent  acid  fermentation.  The  amylolytic 
power  of  10  c  c.  of  this  diluted  extract  was  a  little  more  than  that  of 
a  similar  quantity  of  the  dilute  saliva.  Each  series  of  experiments, 
however,  was  made  with  different  extracts,  each  of  which  showed 
considerable  variation  in  amylolytic  power. 

A.     Amylolytic  action  at  definite  temperatures. 

In  all  of  these  experiments,  the  90  c.  c.  of  fluid  containing  the 
starch  paste  was  brought  to  the  desired  temperature  by  immersion 
in  a  large  water-bath  carefully  regulated,  the  thermometer  being 
immersed  in  the  vessel  containing  the  starch  paste.  In  a  similar 
manner,  the  ferment  solution  was  quickly  brought  to  the  same  tem- 
perature, care  being  taken  in  the  latter  case,  that  the  fluid  did  not  go 
bejond  the  requisite  point.  When  the  temperature  became  con- 
stant, 10  c.  c.  of  the  ferment  solution  were  added  and  the  action  con- 
tinued for  thirty  minutes. 

The  results  are  clearly  expressed  in  the  following  series  of  tables : 


SEKIB8   I.*— SaMVA. 

Tempentare. 

Wt.  Cn  In  H- 

Total  amount 
redacmg  bodies. 

Starch 
converted. 

10' C. 

0'0935  gram. 

01904  gram. 

17-19  percent 

20 

01227 

0-2496 

22-46 

40 

01410 

0-2872 

25-83 

50 

01003 

0-2040 

18-35 

Series  XL— Salfva. 

Tempermtore. 

wt.  Cu  In  H- 

Total  amount 
redncinK  bodies. 

Sterch 
converted. 

20' C. 

0*0891  gram. 

0-1816  gram. 

16-34  per  cent. 

30 

0*0946 

0-1924 

17-31 

40 

0-1203 

0-2448 

22-03 

50 

0-1419 

0-2888 

25-99 

55 

0-1129 

0-2296 

20-66 

60 

00451 

0-0936 

8-42 

G5 

00126 

00282 

2-53 

*  It  is  of  course  understood,  that  the  results  in  any  one  series  are  obtained  with  the 
Mne  ferment  sohition. 
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Sbbibs  III. — Saliva. 


Temperature. 

wt.  cu  m  H- 

TotU  amount 
reducing  bodlei. 

Starch 
conrerted. 

20" 

0. 

01177  gram. 

0*2396  gram. 

21*56  per  oeDt 

30 

01273 

0*2592 

23*32 

40 

01285 

0*2616 

23*64 

45 

0-1174 

0-2392 

21*52 

50 

01131 

0*2300 

20-70 

55 

0-1029 

0*2092 

18*82 

60 

00883 

01800 

1616* 

65 

00364 

0-0748 

6-73 

70 

0-0017 

Srriiw  rv.— Saliva. 

Temperature. 

wt.  Cu  in  M. 

Total  amount 
rednclni;  bodlea. 

Starch 
converted. 

25» 

0. 

0*0748  gram. 

0-1528  gram. 

13-75  percent. 

30 

00897 

0-1828 

1645 

40 

0-1070 

0-2180 

19*62 

45 

00990 

0*2016 

18.18 

50 

0*0806 

01644 

14*79 

55 

00715 

01460 

13.14 

60 

0  0278 

00596 

5-36 

65 

0-0142 

0*0328 

2-95 

Sbribs  v.— Saliva. 

Temperature. 
iO^'O. 

wt.  On  In  )i. 
0*1062  gram. 

Total  amount 
reducing  bodlea. 

0*2164  gram. 

Starch, 
conyerted. 

19-47  percent 

2 

00611 
Series  VL— 

0*1252 
•Malt  Extract. 

11-33 

Temperature. 

wt.  Cu  In  M- 

Total  amount 
reducing  bodlea. 

SUrch 
converted. 

30* 

C. 

01374  gram. 

0*2800  gram. 

25.20  per  cent 

40 

0-1520 

0*3100 

27-90 

50 

0  1606 

0-3280 

29*52 

60 

0*1408 

0-2864 

25-77 

70 

0*0544 

01124 

10*11 

80 

0*0127 
Series  VII.- 

00296 
-Malt  Eitraot. 

2-66 

Temperature. 

Wt.  Cu  In  M. 

Total  amount 
reducing  bodies. 

Starch 
conrerted. 

35'' 

C. 

01573  gmm. 

0*3208  gram. 

28-87  percent. 

45 

01552 

0-3168 

28-51 

50 

0*1575 

0*3212 

28-90 

55 

0*1617 

0*3300 

29.70 

65 

00586 

0*1200 

10-80 

75 

00366 

0*0768 

6-91 

*  See  remarks  further  on,  in  regard  to  this  high  result 
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Sbribb  YIIL— Malt  Extract. 


Temperatve. 

Wt.OaliiM. 

Total  amount 

Starch 
converted. 

30*  C. 

01301  gram. 

0*2648  gram. 

23*83  per  cent. 

40 

01471 

0*2996 

26*96 

45 

'   01642 

0-3148 

28*33 

50 

01488 

0*3036 

27-31 

55 

01320 

0-2688 

2419 

60 

OiMOl 

0*1412 

12*70 

65 

00664 

01340 

1206 

SSBIES  IX.— 

-Malt  Extract. 

Temperature. 

Wt.  Ca  in  )^ 

Total  amonot 
reducing  bodies. 

SUroh 
conrerted. 

30*0. 

0*1283  gram. 

0*2612  gram. 

23*50  per  cent. 

35 

01436 

0-2924 

26*31 

40 

01507 

0-3072 

27*64 

46 

0-1662 

0*3188 

28-69 

m 

01573 

0-3208 

28*87 

50 

0*1588 

0*3244 

2919 

55 

01445 

0-2944 

26-45 

60 

00742 

0-1516 

13*64 

65 

00561 

0-1152 

10-36 

Series  X.— 

Malt  Extract. 

Temperfttnre. 

Wt.Oliin)i. 

Total  amount 
reducing  bodlee. 

SUrcta 
conyerted. 

40"»C. 

0'1419  gram. 

0*3042  gram. 

27-36  per  cent. 

2 

00299 

0*0636 

5-72 

By  a  Btady  of  these  reealts,  it  is  evident  that  in  the  ease  of  the 
nliyary  ferment,  variations  in  amylolytio  action  are  not  very  great 
between  the  temperatures  of  20**  and  60°,  or  even  56°  C.  With  the 
temperatures  experimented  with,  however,  amylolytio  action  appears 
to  reach  its  maximum,  in  the  case  of  saliva,  at  40°;  although  in  one 
single  instance,  for  some  unaccountable  reason  it  appeared  to  be 
greater  at  50*^  C.  With  the  diastase  of  malt  on  the  other  hand, 
amylolytic  action  reaches  its  maximum  at  50°  C,  although  in  one  in. 
stance  it  appeared  somewhat  greater  at  55*  C;  great  variations,  how- 
efer,  are  not  to  be  observed  between  the  temperatures  of  30°  and  55° 
C.  Brown  and  Heron,"^  working  with  extract  of  malt  and  pure  potato 
starch  at  different  temperatures,  obtained  results  by  determination  of 
both  specific  rotary  power  and  cupric  oxide-reducing  power,  which 
point  to  the  same  conclusions  as  those  obtained  by  us.  Thus  at  40°  C, 
the  malt  extract  having  been  previously  heated  at  the  same  temperature 
for  20  minutes,  these  investigators  found  at  the  end  of  30  minutes,  as 


^Liebig^B  ADoalen  der  Chemie,  vol.  czcix,  p.  221.     Also  Journal  Chem.  Soc.,  1879. 
TtAjia  Ooini.  Acad.,  Vou  VII.  17  Oct.,  1885. 
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a  result  of  the  action  of  the  malt  extract  on  the  starch  (a);=168"3'*, 
while  at  50°  C.  under  the  same  conditions  {a)J=  162*7®  and  at  60®  C. 
{a)j=  164-1°,  or  in  a  second  experiment,  (a)j=  163-7°.  These  re- 
sults show  at  60°  C.  the  formation  of  a  little  more  maltose  than  at 
40°,  although  the  difference  is  very  slight;  while  at  60°  C.  the  amount 
of  maltose  formed,  is  less  even  than  at  40°  C.  Evidently  then,  the 
maximum  amylolytic  action  of  diastase  of  malt  takes  place  at  tem- 
peratures far  below  60°  C;  even  below  55°  C. 

At  very  low  temperatures,  there  is  a  corresponding  difference  in 
the  action  of  the  two  ferments,  as  is  apparent  from  the  results  ob- 
tained at  2°  C;  the  ferment  of  saliva  being  comparatively  far  more 
active  at  this  temperature  than  the  ferment  of  malt. 

Hence  it  is  apparent  throughout,  that  diastase  requires  a  higher 
temperature  than  the  salivary  ferment,  in  order  to  act  with  equal 
vigor ;  at  the  same  time  it  is  evident  that  at  the  body  temperature,  say 
40*  C,  the  difference  in  action  between  the  two  ferments  is  not 
very  great.     At  80°  C.  the  diastase  of  malt  still  acts  upon  starch, 
although  only  slightly ;  the  salivary  ferment,  however,  under  the 
conditions  of  our  experiments,  does  not  act  at  all  at  70°  C.  and  only 
slightly  at  65°  C.     With  these  higher  temperatures,  it  makes  con- 
siderable difference  in  the  ultimate  result,  whether  the  ferment  solu- 
tion  is   quickly  brought   to  the  desired   temperature  or  not,  and 
whether  it  remains  long  at  the  temperature  in  question,  before  being 
added  to  the  starch  solution.    Thus,  in  the  action  of  saliva  at  60°  C, 
if  the  ferment  be  warmed  quickly  to  nearly  60°  C,  say  59°  C,  and 
then  added  to  the  starch  paste  at  61°  C,  as  was  done  in  the  case  of 
Series  III,  amylolytic  action  is  considerably  greater  than  when  the 
saliva  is  actually  brought  to  60°  and  kept  there  for  a  moment  or  so 
to  be  sure  of  its  constancy.     Some  variation  in  the  length  of  time, 
required  to  bring  the  ferment  solution  to  the  desired  temperature, 
was  unavoidable,  and  doubtless,  slight  variations  in  the  results  at 
higher  temperatures,  occur  from  this  cause.    It  was  not,  however, 
our  purpose  at  this  time,  to  heat  the  ferment  in  order  to  induce  a 
change  in  its  character,  but  simply  to  prevent  any  alteration  in  the 
temperature  of  the  starch  mixture  on  addition  of  the  ferment,  so 
that  the  action  of  the  ferment  on  the  starch  might  take  place  at  a 
constant  temperature. 
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The  effects^  on  amylolytic  action^  of  exposing  the  ferment  of  saliva  to 
different  temperatures  for  varying  lengths  of  time. 

Brown  and  Heron*  state  that  a  malt  extract,  warmed  quickly  to 
66°  C.  and  then  added  at  once  to  starch  paste  at  the  same  temperature, 
differs  hut  little,  in  the  first  stages  of  its  action,  from  a  malt  extract 
heated  at  60**  C;  if,  however,  the  malt  extract  be  warmed  for  say  10 
or  15  minutes  at  this  temperature,  previous  to  adding  it  to  the  starch 
paste,  its  amylolytic  action  is  very  much  weakened.  Evidently  then, 
nnder  the  influence  of  the  increased  temperature,  a  portion  of  the  fer- 
ment is  destroyed  or  else  changes  are  induced,  by  which  the  action  of 
the  ferment  is  modified.  Results  of  like  nature  were  previously 
obtained  by  0*Sullivan,t  with  malt  extract. 

With  saliva,  we  have  tried  the  following  experiments,  designed 
originally  to  throw  light  on  the  comparative  destructibility  of  the 
ferment. 

Sebies  XL — Saliva. 
The  saliva  was  exposed  to  the  designated  temperature  for  the  speci- 
fied time,  then  added  to  the  starch  paste  at  the  same  temperature  and 
its  amylolytic  power  determined. 

Time  of  ToUl  amouit  Starch 

Tcmpentare.        exposure.  Wt.  On  In  M*         reducing  bodies.  convened. 

60' 0.  Omin.  0*0409  gram.         0-0862  gram.  7*66  per  cent. 

60  15  00213  00464  417 

60  30  0*0210  0-0460  4*14 

At  60^  C.  therefore,  the  coagulating  point  of  albumin  and  the  tem- 
perature at  which  ptyalin  is  supposed  to  be  destroyed,  it  is  apparent 
that  destruction  of  the  ferment  is  not  complete  even  by  30  min- 
utes exposure  to  this  temperature.  The  peculiarity  of  the  results, 
moreover,  make  it  doubtful  whether  we  have  to  do  with  destruction 
at  all  If  the  reduced  amylolytic  action  is  due  to  simple  destruc- 
tion of  the  ferment,  we  should  expect  less  ferment  action  after  30 
minutes  exposure  than  after  15  minutes;  as  it  is,  the  action  in  the  two 
cases  is  the  same.  A  certain  time,  however,  is  required  to  produce 
the  change  in  the  character  of  the  ferment.  Similar  results  are 
shown  in  the  following  series  of  experiments,  conducted  in  the  same 
maimer  as  the  preceding,  only  at  different  temperatures. 


♦  Loc.  cit.,  p.  227.  t  I'OC-  ci*^»  P-  l^^. 
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Sbbibs  XII.— Saliva. 


Temperature. 

Time  of 
ezpoture. 

Wt.  Co  m  H' 

Total  unouBt 
rednclng  bodies. 

Starch 
coDTerted. 

60''  0. 

15  miD. 

00773  gram. 

0*1676  gram. 

14-18  percent 

60 

60 

00765 

01560 

1404 

66 

30 

00474 

00984 

8-86 

65 

60 

0-0414 

00864 

7-21 

Comparing  these  results  with  those  obtained  at  like  temperatures 
in  Series  L-IIL,  it  is  seen  that  a  few  minutes  exposure  at  the  desig- 
nated temperature,  lowers  materially  the  amylolytic  power  of  the 
solution,  while  doubling  the  time  of  exposure  does  not  materially 
affect  the  result ;  a  fact  which  is  not  consistent  with  the  view  that 
diminution  in  amylolytic  power,  under  these  conditions,  is  due  to 
gradual  destruction  of  the  ferment. 

The  following  series  of  experiments,  also  with  saliva,  throw  ad- 
ditional light  on  the  action  of  high  temperatures  on  this  ferment 
In  these  two  series,  the  saliva  was  exposed  to  the  designated  temper- 
ature for  the  specified  time,  then  cooled  to  40^  C.  and  added  to  the 
starch  paste  at  a  like  temperature. 

Sbbibs  XIII.— Sauva. 


Temperature. 

Time  of 
exposure. 

Wt.  Cu  In  X. 

reducing  bodies. 

Starch 
oonrerted. 

40° 

0. 

Omin. 

01081  gram.         0*2200  gram. 

19-80  percent 

60 

30 

01026 

0-2088 

18-79 

56 

30 

00986 

0-2008 

18-07 

60 

30 

00279 
Sbbibs  XIV.— 

0-0696 
Saliva. 

6-36 

Temperature. 

Time  of 
exposure. 

Wt.  Cu  In  U' 

Total  amount 
reducing  bodies. 

Starch 
converted. 

40' 

0. 

0   min. 

01062  gram 

0-2164  gram. 

19-47  percent 

65 

180 

0-0798 

01628 

1466 

It  would  appear  from  these  results,  that  by  exposure  of  the  saliva 
to  50^  or  55^  C,  in  the  latter  case  for  even  3  hours,  and  then  cooling 
to  40°  C.  and  testing  the  amylolytic  power  of  the  ferment  at  that 
temperature,  less  diminution  of  ferment  action  is  to  be  observed. 
This  speaks  still  more  strongly  against  destructive  action,  by  simple 
coagulation,  and  at  the  same  time  suggests  that  not  only  does  expos- 
ure to  say  55^  C.  affect  the  character  of  the  ferment,  but  also  that  the 
action  of  the  ferment  so  treated,  is  in  a  given  time  different  at  that 
same  temperature  from  what  it  is  at  40°  C,  or  the  temperature  of 
maximum  action.  This  latter  point,  however,  which  is  contrary  to 
the  law  laid  down  by  Brown  and  Heron"^  for  malt  extracts  at  tern* 


Liebig's  Aoiialeu  der  Cbemie,  vol.  cxcix,  p.  221.     Also,  Journal  Chem.  Soc,  1879. 
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peralures  above  50°  C.  we  reserve  for  further  investigation.  Owing 
to  the  great  difficulty  in  rendering  saliva  perfectly  neutral,  it  is  possi- 
ble that  the  observed  low  result  at  55°  C.  in  Series  XII.  may  be  due 
to  the  presence  of  a  trace  of  either  acid  or  alkaline  carbonate. 

Finally,  it  is  to  be  observed  that  the  majority  of  the  results  ob- 
tained, indicate  that  the  influence  of  different  temperatures,  on  the 
amylolytic  action  of  the  salivary  ferment,  is  due  rather  to  change  in 
the  character  of  the  ferment,  than  to  the  direct  influence  of  the 
various  degrees  of  heat  upon  the  cleavage  of  the  starch  molecule ; 
similar  in  character  to  that  indicated  by  the  work  of  O'SuUivan,  and 
also  of  Brown  and  Heron  in  the  case  of  malt  diastase. 


IX. — Influence  of  Bile,  Bile  Salts  and  Bile  Acids  on  Amylo- 
LYTic  AND  Proteolytic  Action.*  By  R.  H.  Chittendbn  and 
Geo.  W.  Cummins,  Ph.B. 

Tbe  influence  of  bile  and  bile  acids  on  the  digestive  processes  of  the 
intestinal  canal  has  long  been  considered  an  important  one,  still  few 
experiments  have  been  made  to  determine  the  exact  influence  of  these 
substances  by  themselves  on  ferment  action.  The  form  in  which  the 
main  constituents  of  the  bile  exist  in  the  intestinal  canal  depends 
naturally  upon  the  reaction  of  the  contents  of  the  intestines.  If 
these  have  an  acid  reaction,  bile  acids  must  be  present ;  if  alkaline, 
salts  of  these  acids ;  and  it  is  fair  to  presume  that  under  these  two 
conditions  the  presence  of  bile  may  be  productive  of  different  effects 
on  ferment  action.  Recorded  observations  tend  to  show  that  ordi- 
narily the  contents  of  the  intestines  possess  a  distinct  acid  reaction  ; 
thus  Schmidt-Mtllheimf  has  found  that  in  dogs  fed  on  albuminous 
matter,  the  contents  of  the  small  intestines  are  invariably  acid, 
although  the  mucous  membrane  sometimes  possesses  an  alkaline  reac- 
tion. It  is  evident  that  in  such  cases  the  alkali  of  the  bile  must 
have  combined  with  the  acid  of  the  chyme,  which  would  be  followed 
by  liberation  of  the  bile  acids  and  partial  precipitation  of  the  same 
in  combination  with  the  proteid  matters  of  the  chyme.  Moreover, 
the  recorded  observations  of  Schmidt-Malheim  tend  to  show  that 
this  acid  condition  of  the  contents  of  the  intestines  persists  through- 
out the  entire  length  of  the  intestinal  canal.  'lJffelmann|  has  like- 
wise found,  in  corroboration  of  the  above,  that  the  faeces  of  infants 
naturally  nourished  possess  a  weak  acid  reaction,  while,  on  the  other 
hand,  Nothnagel,§  as  a  result  of  800  observations,  finds  that  human 
excrement,  in  the  case  of  adults,  varies  decidedly  in  its  reaction, 
being  generally  alkaline,  more  rarely  acid  or  neutral.     It  is  hardly 

proper,  therefore,  to  conclude  that  it  is  only  necessary  to  study  the 

- _^___ 

*  Also  published  in  the  American  ChemicHl  Journal,  vol.  vil,  p.  36. 
t  Archiv  fiir  Physiologie,  DuBois  Reymond,  1879,  p.  56. 
X  Jahresbericht  fiir  Thierchemie,  1881,  p.  306. 
§  Jahresbericht  fflr  Thierchemie,  1881,  p.  309. 
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infloence  of  the  bile  acids  m  their  free  condition  on  ferment  action, 
sinee  in  the  passage  of  the  ferments  through  the  intestinal  canal 
there  are  times,  doubtless,  when  the  reaction  of  the  mass  is  more  or 
less  alkaline,  especially  in  the  small  intestines,  for  some  distance  be- 
yood  the  opening  of  the  bile  and  pancreatic  ducts.  In  either  case  it 
is  an  interesting  point  to  ascertain  whether  the  bile  salts  have  an 
action  at  all  analogous  in  kind  or  extent  to  that  of  the  free  acids. 

Many  observations*  are  recorded  concerning  the  duodenal  precip- 
itate formed  in  the  duodenum  by  the  action  of  bile  on  the  acid-re- 
acting chyme.  The  precipitate  itself  has  generally  been  supposed 
to  consist  of  a  mixture  of  syntonin,  peptone  and  bile  acids,  but  recent 
experiments  of  Maly  and  Eraichf  with  pure  bile  acids  tend  to  show 
that  only  the  non-peptonised  albuminous  bodies  are  precipitated,  viz : 
coagnlable  albumin  and  syntonin,  and  these  only  by  taurocholic  acid, 
while  peptone  and  "  propeptone''  remain  in  solution.  This  fact  lends 
favor  to  the  view  advanced  by  Hammaraten,  that  the  object  of  the 
precipitation  of  albuminous  matter  on  the  walls  of  the  intestines 
is  to  prevent  its  too  rapid  passage  through  the  intestinal  canal,  thus 
giving  ample  opportunity  for  the  action  of  the  pancreatic  juice. 

The  addition  of  taurocholic  acid  to  a  solution  of  peptone,  Maly 
and  Emich  find,  is  followed  by  the  formation  of  a  distinct  opal- 
esceDce  or  fine  dnst-like  precipitate,  slowly  changing  to  fine  droplets. 
This  precipitate,  however,  which  is  doubtless  the  same  as  observed 
hv  Hammarsten  and  Brdcke  on  the  addition  of  bile  to  portions  of  a 
digestive  mixture,  does  not  contain  according  to  Maly  and  Emich, 
any  peptone,  but  consists  of  taurocholic  acid,  possibly  in  a  modified 
form. 

Both  of  these  precipitations,  however,  would  tend  to  mechanically 
throw  down,  to  a  greater  or  less  extent,  any  ferment  present,  and 
tboB  diminish  ferment  action ;  but,  as  Maly  points  out,  the  main 
reason  for  a  diminished  action,  in  the  case  of  pepnin,  is  to  be  sought 
for,  not  in  a  precipitation  of  the  ferment,  but  in  the  formation  of  a 
compound  of  albumin  with  the  bile  acid,  not  digestible  by  pep- 
sin-hydrochloric acid.  But  since  this  precipitation,  as  a  normal  reac- 
tion in  the  animal  body,  must  take  place  in  the  intestinal  canal,  it  is 
equally  important  to  ascertain  the  extent  of  its  digestibility  in  pan- 
creatic jnice,  or,  in  other  words,  to  ascertain  the  exact  influence  of 
bile  and  its  several  constituents  on  the  proteolytic  action  of  trypsin 

*  See  Maly  in  Hermann's  Handbnch  der  Physiologie,  vol  v,  p.  180. 
f  Monatahefte  fiir  Chemie,  vol.  iv,  p.  89. 


136  Chittenden  mid  Cummhis — Injluetiee  -of  Bile 

as  well  as  on  the  action  of  pepsin  and  on  amylolytio  action:  The 
only  data  bearing  on  these  points  are  the  recent  experiments  of  Maly 
and  Emich,  who  have  found  that  0*2  per  cent,  taurocholio  acid  hin- 
ders the  digestive  action  of  pepsin-hydrochloric  acid,  while  1  per 
cent,  of  glycocholic  acid  is  without  influence.  The  same  investigators 
likewise  state  that  0*1  per  cent,  taurocholic  or  glycocholic  acid  stops 
the  amylolytic  action  of  the  pancreas  ferment,  and  that  0*2  per  cent, 
taurocholic  acid  or  1  per  cent,  glycocholic  acid  will  completely  stop 
the  amylolytic  action  of  the  salivary  ferment. 

Our  experiments  on  this  subject  were  commenced  before  the  above 
results  were  published,  and  we  have  continued  them,  since  we  wished 
to  ascertain  likewise  the  influence  of  the  bile  salts,  and  also  the  effects 
of  both  salts  and  acids,  as  well  as  the  bile  itself,  on  the  proteolytic 
ferment  of  the  pancreas.  The  results  of  Maly  and  Emich,  moreover, 
not  being  quantitative,  do  not  express  the  relative  efl^ects  of  the 
various  percentages  of  bile  acids  used,  but  simply  the  percentage  of 
acid  necessary  to  stop  ferment  action  under  the  conditions  de- 
scribed by  them. 

1. — Influence  on  Amylolytic  Action. 

As  amylolytic  fei*ment,  we  have  employed  filtered  human  mixed 
saliva  made  neutral  and  then  diluted  to  a  known  volume.  In  study- 
ing the  influence  of  the  various  percentages  of  bile  salts  and  acids 
on  the  action  of  the  ferment,  we  have  used  a  digestive  mixture  (50 
or  100  ca)  containing  1  per  cent,  of  starch  previously  boiled  with 
water,  and  2  per  cent,  of  saliva,  together  with  the  given  percen^ 
ages  of  bile  salts  or  acids.  The  extent  of  diastatic  or  amylolytic 
action  under  the  varying  conditions  was  determined  in  each  case  by 
estimating  the  amount  of  reducing  substances,  maltose  and  dextrose, 
formed  during  30  minutes  warming  at  40'  C.  Further  diastatic 
action  was  at  once  stopped  by  boiling  the  digestive  mixtures, 
after  which  they  were  diluted  to  a  known  volume,  and  the  reduc- 
ing substances  determined  in  a  given  portion  of  the  diluted  fluid 
by  AUihn's  gravimetric  method.*  The  reducing  substances  are 
in  each  instance  calculated  as  dextrose,  and  the  diastatic  action  is 
expressed  in  the  percentage  of  starch  converted  into  sugar. 

We  first  tried  the  influence  of  crystallized  ox  bile,  since  bile  itself 
contains  a  small  amount  of  a  diastatic  ferment.  A  1  per  cent,  solu- 
tion of  nicely  crystallized  ox  bile  was  made,  with  which  the  following 
results  were  obtained  : 


♦  Zeitsohrift  fur  analytische  Chemie,  xxii,  448. 


on  Amylolf/tic  and  Proteolytic  Action,  137 


CrystoUlsed 
bile. 

Wt.  Cu  In  «.• 

Total  amouDt 
reducing  bodies. 

Btarcb 
coBveited. 

0    percent 

0*0643  gram. 

0*2636  gram. 

23-72  per  cent. 

0-01 

00630 

0*2584 

23*25 

0-02 

0*0686 

0*2804 

25*23 

003 

00693 

0*2836 

26-52 

0*05 

0*0656 

0-2688 

2419 

010 

00734 

0*3000 

27-00 

0-20 

0*0666 

0*2724 

24-51 

0-35 

00447 

0-1860 

16*74 

Here  it  is  plain  that  a  mixture  of  sodium  glycocholate  and  tauro- 
cbolate,  in  such  proportion  as  they  are  contained  in  crystallized  ox 
bile,  exerts  no  appreciable  retarding  influence  on  amylolytic  action 
until  present  to  the  extent  of  0*35  per  cent.  On  the  contrary, 
smaller  percentages  unmistakably  tend  to  increase  the  diastatic 
action  of  the  ferment.  The  solution  of  crystallized  bile  had,  how- 
ever, a  slight  acid  reaction,  and  possibly  this  may  have  had  some  in- 
fluence in  giving  the  latter  results.  The  saliva  and  starch  were  both 
nentraL 

Experiments  were  next  tried  with  sodium  taurocholate  alone,  and 
also  with  sodium  glycocholate.    Following  are  the  results: 


Sodtnm 
taurocholate. 

wt.  Co  in  H- 

Total  amount 
rednolng  bodies. 

Starch 
converted. 

0  per  cent. 

0*0787  gram. 

0*3212  gram. 

28-90  per  oent. 

0-3 

0-0030 

0*0146 

1*51 

0*5 

0*0023 

0-0112 

1-00 

Sodhnn  glycocholate. 

0*5 

0*0783 

0*3196 

28*76 

It  is  thus  plainly  evident  that  sodium  taurocholate  has  a  very 
decided  action  on  the  amylolytic  ferment  of  saliva,  while  the  same 
pereentage  of  glycocholate  is  entirely  without  effect.  The  retarding 
action  of  crystallized  bile  is  thus,  without  a  doubt,  due  wholly 
to  the  taurocholate.  Moreover,  even  smaller  percentages  of  sodium 
taurocholate  retard  amylolytic  action  with  almost  equal  energy. 

The  following  results  were  obtained  under  like  conditions  as  the 
preceding,  except  that  the  2  per  cent,  of  saliva  employed  was  not 
Beatralized. 


Bodtam 

wt.  Cn  In  5i. 

Total  amount 
reducing  bodies. 

SUrch 
converted. 

0   percent 

0*0690  gram. 

0*1212  gram. 

21-81  percent 

014 

0-0079 

00192 

3-45 

SodhuD  glycocholate. 

0*20 

0-0768 

0*1548 

27-86 

*  One-eighth  of  the  entire  digestive  mixture. 
TiujB.  CoKir.  AoAD.,  Vol.  vn.  18  Oct.,  1886. 
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Thus  even  0'14  per  cent,  of*  sodium  taurocbolate  under  these 
conditions  almost  entirely  stops  amylolytic  action.  The  smaller  per- 
centage of  glycocholate,  however,  causes  the  same  increased  amyl- 
olytic action  observed  with  the  smaller  percentages  of  crystallized 
bile. 

With  the  bile  acids  the  following  results  were  obtained.  The 
glycocholic  acid  used  was  a  nicely  crystallized  specimen  prepared 
from  ox  bile,  while  the  taurocholic  acid,  prepared  from  the  same 
source,  was  amorphous : 


Per  cent. 
bUe  acid. 

Wt.  Ca  In  Ji. 

Toul  amonnt 
rednclDK  bodies. 

SUrch 
conTerted. 

0 

,  0*0694  gram. 

10-1420  gram. 

26*66  per  cent 

001  taurocholic. 

00763 

0-1538 

27-68 

0-06 

00783 

01598 

28-76 

O'lO 

0-0060 

0-0146 

2-63 

0-20 

0 

0*06  glycocholia 

0-0623 

0-1082 

19*47 

010 

0-0096 

0-023i 

4-21 

0-20 

00066 

0-0136 

2-44 

0-60 

trace 

1-00 

0 

It  is  thus  seen  that  0*1  per  cent,  taurocholic  acid  prevents  amyloly- 
tic action  almost  entirely,  wbile  0*2  per  cent  does  not  allow  the  con- 
version of  any  starch  into  sugar.  This  agrees  exactly  with  the 
results  obtained  by  Maly  and  Emich.*  These  same  investigators, 
however,  found  only  a  trace  of  amylolytic  action  in  the  presence  of 
0*05  per  cent,  taurocholic  acid;  a  result  which  does  not  agree  with 
what  we  bave  found,  working,  however,  under  somewbat  differeDt 
conditions. 

The  presence  of  1*0  per  cent,  glycocholic  acid  entirely  prevents 
the  conversion  of  starch  into  sugar,  while  0*5  per  cent,  allows  only 
the  smallest  amount  of  diastatic  activity.  Maly  and  Emich  likewise 
found  that  1*0  per  cent,  of  glycocholic  acid  stopped  the  diastatic 
action  of  saliva. 

We  have  repeated  the  last  series  of  experiments  in  part,  using, 
however,  normally  alkaline  saliva  instead  of  neutralized. 


Per  cent, 
bile  aold. 


01  glycocholia 

0-2 

01  taurocholic. 


wt.  Ca  In  ^ 
0*0590  gram. 
00107 
00067 
0*0052 


Total  amount 
rednclng  bodies. 

0-1212  gram. 

0-0268 

0-0139 

0*0126 


Starch 
conyerted. 

21*81  per  cent 

4-64 

2-60 

2-26 


Loa  dt,  p.  118. 
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These  results  agree  exactly  with  the  preceding,  and  both  together 
pltioly  show  that  only  small  percentages  of  bile  acids  are  required 
to  entirely  prevent  the  amylolytic  action  of  saliva.  Assuming  that 
the  amylolytic  ferment  of  the  pancreatic  juice  is  similar  in  its  nature 
to  the  ferment  of  saliva,  it  would  follow  from  our  experiments  that 
whether  the  contents  of  the  intestines  are  acid  or  alkaline,  the  pres- 
ence, beyond  a  certain  percentage,  of  tanrocholic  acid,  either  as  free 
acid  or  as  a  taurocholate,  would  tend  to  diminish  amylolytic  action. 
Very  small  percentages,  however,  would  have  little,  if  any,  retarding 
effect,  indeed  might  increase  amylolytic  action.  As  to  glycocholic 
acid,  the  free  acid  is  much  more  powerful  in  its  action  on  the  amylo- 
lytic ferment  than  the  sodium  salt  of  the  acid. 

Considering  these  results  in  the  light  of  a  possible  application  to 
changes  in  the  intestinal  canal,  it  becomes  an  interesting  point  to 
ascertain  whether  bile  itself  exerts  the  same  influence  on  amylo- 
lytic action  as  the  bile  salts.  Moriggia  and  Battistini  *  state  that 
while  bile  mixed  with  chyme  gives  a  precipitate  which,  among  other 
things,  contains  mucin,  bile  acids  and  pepsin,  thus  hindering  gastric 
digestion,  it  does  not,  on  being  mixed  with  saliva,  hinder  its  amylo- 
lytic action.  This  they  found  to  be  the  case  both  with  bile  contain- 
ing mocin  and  with  bile  from  which  the  mucin  had  been  removed 
by  acidifying.  We  have,  therefore,  made  the  following  experiments 
with  fresh  ox  bile  containing  7'46  per  cent,  of  solid  matter.  The 
digestive  mixtures  contained  as  before  1  per  cent  of  starch,  2  per 
cent,  of  neutral  saliva,  and  were  warmed  at  40°  C.  for  30  minutes : 


OxMle. 

Wt.  Ca  In  M- 

Total  ftmoant 
reducing  bodies. 

Sterch 
converted. 

0  percent 

0*0753  gram. 

0*3072  gram. 

27-64  per  cent. 

2-0 

0-0876 

0-3568 

32-11 

50 

00690 

0-2824 

26-41 

10-0 

00719 

0-2944 

26-50 

200 

00770 

0-3144 

28-30 

Here  in  close  accord  with  what  has  been  found  before,  the  presence 
of  a  small  percentage  of  bile  causes  increased  amylolytic  action ; 
larger  percentages,  however,  have  little,  if  any,  effect ;  certainly  not 
such  an  effect  as  would  be  expected  from  the  known  action  of  the 
bile  salts.  The  bile  itself  possessed  to  a  slight  extent,  diastatic 
action ;  20  c.  c.  of  the  bile  (20  per  cent.)  converting  4'53  per  cent, 
of  the  starch  into  sugar  in  30  minutes.  This,  however,  could  hardly 
account  for  the  increased  amylolytic  action  noticed  above  in  the  pres- 

*  Jahresbericht  fur  Thierchemie,  1876,  p.  196. 
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ence  of  2  per  cent,  of  bile.  Witticb*  and  also  Hofinann  have  noticed 
the  occasional  diastatic  action  of  bile,  Wittich  even  extracting  the 
ferment  from  human  bile  by  his  glycerine  method.  Gianazzi  and 
Bufalinif  have  shown  that  the  action  varies  considerably  in  bile 
from  different  animals  and  individuals,  and  without  any  apparent 
dependence  upon  the  nature  of  the  food.  £wald|  states  that  the 
diastatic  capacity  of  bile  appears  to  be  slight  in  all  cases,  and  is  not 
found  in  bile  which  has  stood  for  some  time.  We  have  found,  how- 
ever, in  bile  from  several  animals  considerable  diastatic  power ;  thas 
in  one  sample  of  fresh  pheep's  bile,  26  c.  c.  (26  per  cent.)  converted 
24 '83  per  cent,  of  starch  into  sugar  in  30  minutes  at  40^  C.  We  have 
likewise  found  great  variation  in  diastatic  power,  varying,  expressed 
in  the  percentage  of  starch  converted  into  sugar  under  the  conditions 
described,  from  4  to  24  in  the  case  of  herbivorous  animals.  We 
have  also  noticed  in  bile  from  sheep  and  oxen  the  presence  of  a 
small  amount  of  sugar,  or  at  least  a  substance  capable  of  reducing 
Fehling's  solution.  In  one  instance  the  amount  was  not  inconside^ 
able ;  25  grams  of  ox  bile  yielding,  by  AUihn's  method,  0*040  gram 
metallic  copper,  equal  to  0*0209  gram  dextrose  or  0*08  per  cent. 
Naunyn,  we  believe,  has  already  claimed  the  presence  of  sugar  in 
bila 

While  we  know  then  that  bile  acids  and  bile  salts  by  them- 
selves retard  very  decidedly  the  amylolytio  action  of  ptyalin,  it 
would  appear  that  the  retarding  influence  of  the  latter  may  be,  in 
part  at  least,  counteracted  by  other  substances  naturally  present  in 
the  bile. 

2. — Influence  on  the  Proteolytic  Action  of  Pepsin. 
It  has  long  been  known  that  bile  has  a  retarding  action  on  pepsb 
digestion,  and  Maly  and  Emich  have  recently  shown  the  percentages 
of  bile  acids  necessaiy  to  bring  the  action  of  pepsin  to  a  standstill 
We  have,  however,  in  addition,  experimented  with  bile  itself,  and  as 
in  the  case  of  the  amylolytic  ferment,  have  endeavored  to  study  the 
influence  of  the  bile  acids  quantitatively.  The  method  employed  for 
measuring  proteolytic  action  is  one  frequently  used  in  this  labora- 
tory, and  which  has  invariably  given  satisfactory  results.  The  only 
feature  which  calls  for  description  is  the  preparation  of  the  proteid 
matter  to  be  digested.     The  material  consists  of  carefully  selected 


*  Jahresbericht  fiir  Thierchemie,  1872,  p.  243. 
f  Jahresbericht  far  Thierchemie,  1876,  p.  197. 
X  Lectures  on  digestion,  Amer.  ed.,  p.  77. 


on  AmyMytic  and  Proteolytic  Action,  141 

and  thorooghly  washed  blood  fibrio.  All  soluble  matters  are  re- 
moved by  successive  eztraotion  with  boiling  water,  cold  and  boiling 
aloohol,  and  finally  with  cold  and  warm  ether.  The  fibrin  is  thus 
obtained  in  a  perfectly  friable  condition  and  can  be  easily  ground  to 
a  coarse  powder.  It  is  thep  dried  at  100-110^  C.  This  material  is 
well  adapted  for  quantitative  experiments  with  pepsin-hydrochloric 
acid ;  the  residue  remaining  after  a  digestion  can  be  rapidly  filtered 
with  the  aid  of  a  pump,  and  can  be  easily  freed,  by  washing,  from 
peptones  and  other  soluble  products  of  digestion. 

The  gastric  juice  employed  in  the  experiments,  consisted  of  a 
hydrochloric  acid  solution  of  a  glycerine  extract  of  the  mucous  mem- 
brane from  a  pig's  stomach,  in  the  proportion  of  10  grams  glycerine 
extract  to  1  litre  of  0*2  per  cent,  hydrochloric  acid.  50  or  100  c.c. 
of  this  pepsin-hydrochloric  acid  were  employed  in  each  experiment, 
to  which  was  added  1  or  2  grams  of  the  dried  fibrin  (2  per  cent.), 
together  with  the  given  percentage  of  bile  or  bile  acids. 

We  first  tried  the  influence  of  bile  itself,  using  fresh  ox  bile, 
slightly  alkaline  in  reaction  and  containing  10*02  per  cent,  of  solid 
matter. 

The  digestive  mixtures  were  warmed  at  40°  C.  for  two  hours,  then 
filtered  at  once,  and  the  undigested  residue  washed  thoroughly,* 
and  dried  at  100°  C.  until  of  constant  weight.  Following  are  the 
results  of  the  first  series  of  experiments,  with  2  grams  of  fibrin  and 
100  c.  c  of  gastric  juice. 


Bile  In 
digwtlfe  mlxtare. 

Welshtof 
nndiffMted  retldoe. 

Fibrin 
digettod. 

0    percent. 

0*1957  gram. 

90-21  percent. 

0-26 

01890 

90-56 

0-60 

0-2050 

89-75 

1-00 

0-2234 

88*83 

3-00 

0-5453 

72*73 

6-00 

0-7642 

61*84 

*  In  all  of  the  pepsin-hydrochloric  acid  digestions  the  presence  of  bile  or  bile  salts 
uturallj  caoses  more  or  less  of  a  precipitate,  dependent  in  amount  upon  the  percent- 
ag«  of  bile  and  also  upon  the  amount  of  digestive  products.  In  washing  the  undi- 
fBited  fibrin  it  was  of  course  necessary  to  remove  this  precipitate.  This  was  acoom. 
pfished  by  pouring  over  the  precipitate  on  the  filter  50  c.  c.  of  0*5  per  cent  potassium 
hjdrozide  and  then  washing  with  water  until  the  alkali  was  wholly  removed. 

tbt  foOowing  experiment  shows  that  under  these  conditions  the  alkali  affects  the 
iwoQen  fibnn  but  little,  if  any.  Two  portions  of  fibrin  of  2  grams  eadi  were  warmed 
with  100  c.  c  of  0*2  per  cent  HCl  for  30  minutes,  then  filtered  and  one  washed  with 
water  alone,  the  other  with  water  aod  alkali  The  first  gave  1*9272  grams  dried 
Ntidiie,  the  other  1-9155  grams. 
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A  second  series, 

tried  under  the  same 

conditions,  but  with  larger 

percentages  of  bile 

gave 

the  following  results : 

Bile  in 
dlgestlTe  mlxtare. 

Weight  of 
andlgeeted  residue. 

Fibrin 

0    percent. 

01979  gram. 

90-10  percent 

0-25 

0-2456             1 

87-72 

0*50 

01927 

90-36 

9-00 

11955 

40-22 

1300 

1-6611 

16-94 

16-60 

1-7812 

10-94 

2000 

1-9241 

3  29 

From  these  two  series  of  experiments  it  is  evident  that  the  pres- 
ence of  bile,  from  1  per  cent,  upward,  causes  diminished  proteolytic 
action,  the  retarding  effect  being  proportionate  to  the  amount  of  bile 
present.  20  per  cent,  of  bile  stops  the  action,  under  these  con- 
ditions, almost  completely.  It  is  fair  to  presume,  therefore,  that  the 
reflux  of  but  a  small  amount  of  bile  into  the  stomach  would  be  pro- 
ductive of  a  diminished  proteolytic  action. 

These  results,  therefore,  agree  with  the  older  statements  of  Brflcke, 
Hammarsten  and  others,  to  the  effect  that  bile  added  to  a  gastric 
digestion  has  the  effect  of  bringing  the  proteolytic  action  to  a  stand- 
still. We  next  tried  the  influence  of  the  individual  bile  acids  with 
the  following  results : 


TaiirochoUc 
acid. 

Weight  of 
undigested  reaidne. 

Fibrin 
digested. 

0     per  cent. 

0-1311  gram. 

86-89  per  cent 

0025 

0-1461 

85-39 

0060 

0-2200 

7800 

0-100 

0-2421 

76-79 

0-200 

0-2668 

7332 

0-500 

0-3679 

64-21 

Here  it  is  seen  that  the  smallest  percentage  Of  taurocholic  acid 
added,  produces  a  distinct  effect  on  proteolytic  action,  and  in  the 
next  series  of  experiments  still  smaller  percentages  of  acid  cause 
an  equally  marked  effect.  In  both  series  of  experiments,  the  mix- 
tures were  warmed  at  40°  C.  for  1  hour  and  30  minutes. 


Tanrocbollc 
acid. 

Weight  of 
undigested  resldne. 

Fibrin 
digested. 

0      per 

cent. 

0-1499  gram. 

86-01  percent 

0-010 

0-1819 

81-81 

0015 

0-1900 

81-00 

0-020 

0-2947 

70-63 

0050 

0-3110 

68-90 

Adding  taurocholic  acid   to  the   digestive  mixture  in  the  form 
of  a  sodium  salt  has  the  eflect  of  diminishing  still  further  the  action 


add. 

Weight  of 
nndiffeeted  restdne. 

0  p«r  cent 

0*2059  gram. 

01 

0-6198 

0-2 

0-6426 

0-6 

0-6476 
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of  the  ferment ;  doubtless,  dae  io  part  to  the  percentage  of  free 
hydrochloric  acid  being  diminished  by  decomposition  of  the  taaro- 
chelate. 

Fibrin 
dlffMted. 

79*41  per  cent 

38-02 

36-74 

36-26 

Maly  and  Emich  found  that  0*2  per  cent,  taarocholic  acid  entirely 
stopped  the  action  of  pepsin ;  in  our  experiments,  however,  ferment 
ictioD  was  still  manifest  even  in  the  presence  of  0*5  per  cent,  of  the 
acid.  Whether  this  difference  in  result  is  due  to  difference  in  the 
acid  used,  or  to  difference  in  method,  we  cannot  say.  Glycocholic 
acid  we  found  to  be  entirely  without  influence  on  the  action  of  pepsin, 
as  did  also  Maly  and  Emich. 

3.— 27i«  Proteolytic  Action  of  Trypsin  in  Neutral^  Alkaline  and 
Acid  Solutions, 

The  trypsin  solution  was  prepared  according  to  Etlhne's  method,* 
from  dried  pancreas  freed  from  fat ;  the  solution  after  neutralizati9n 
always  contained  some  sodium  salicylate,  sufficient  to  prevent  putre- 
faction during  short  digestive  periods.  According  to  K(ihne,t  tryp- 
sin acts  quite  energetically,  both  in  neutral  and  in  salicylic  acid  solu- 
tions, bat  most  energetically  when  the  pancreatic  solution  contains 
0*3  per  cent,  sodium  carbonate.  According  to  Heidenhain,|  the  action 
of  definite  percentages  of  sodium  carbonate  varies  with  the  amount  of 
ferment. 

We  have  tried  quantitative  experiments  as  a  preliminary  to  study- 
ing the  influence  of  bile,  with  the  following  results  ;§  the  mixtures 
were  wanned  at  40°  C.  for  3  hours  and  40  minutes,  and  contained 
2  per  cent,  of  fibrin. 


ReacUon  of                                Weight  of 
the  Hold.                           andlffeated  retldue. 

dSasi. 

neutral 

0-2312  gram. 

76.88  percent 

0-1  per  cent.  Na,COa 

01670 

84-30 

02 

0-0926 

90-75 

0-3 

00772 

92-28 

0-4 

00426 

95-74 

0-6 

01038 

89-62 

01  pr.  ct  salicylic  acid 

0-6661 

43-49 

•  Untereuchungen  aus  der  phjaiolog.  Inst.  d.  Universitat  Heidelberg,  vol.  i»  p.  222. 
t  M  p.  223. 

t  Pflfiger's  Archiv,  vol.  x,  p.  676. 

§  The  pincreatic  juice  was  prepared  from  20  grams  dry  pancreas,  and  finally  diluted 
to  1000  a  a    50  c  c.  were  used  In  each  digestion  with  1  gram  of  pure  fibrin. 
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With  a  larger  percentage  of  fibrin  and  a  longer  period  of  diges- 
tion tbe  results  are  somewhat  different.  The  following  were  obtained 
with  4  per  cent,  of  fibrin  in  6,  hours  and  40  minutes  at  40^  C. : 


teacUon  of                                WetsM  of 
the  Hold.                         nndlgest^  retldna. 

Fibrin 
digested. 

neutral 

0*3785  gram. 

6215  per  cent 

0-1  per  cent.  Na,CO, 

0-2681 

74-19 

0-2 

01395 

8605 

0-3 

01688 

84*12 

Oi 

01629 

83-71 

0-6 

01318 

86-82 

01  pr.  ct.  salicylic  acid 

0-4738 

62-72 

An  average  of  the  two  series  of  results  plainly  shows  that  there  is 
but  little  difference  in  digestive  action  in  the  presence  of  0*2-0-5  per 
cent,  sodium  carbonate,  although  in  a  given  solution  a  change  in  the 
percentage  of  alkali  is  at  once  manifest,  to  a  slight  extent,  in  the 
amount  of  fibrin  digested.  Greatly  increased  percentages  of  alka- 
line carbonate  materially  diminish  the  action  of  the  ferment,  as  the 
following  series' of  experiments  indicate;  the  mixtures  were  warmed 
for  2  hours  at  40*  C. : 


teftctlon  or 
the  fluid. 

Welftt  of 

Mbrin 
diffeeted. 

neutral 

0-5863  gram. 

41-37  per  cent 

0-6  per  cent.  Na,CO, 

0-1684 

84-16 

10 

0-3760 

62-40 

20 

0-7010 

29-90 

3-0 

0-7892 

21*08 

4-0 

0-8373 

16-27 

60 

0-8608 

13-92 

The  difference  in  action  between  a  neutral  trypsin  solution  and  a 
solution  containing  salicylic  acid  is  quite  noticeable,  at  the  same  time 
it  is  evident  that  in  the  acid-reacting  fluid  the  ferment  simply  acts 
more  slowly,  and  if  time  be  given,  the  action  will  approach  more 
closely  to  that  of  the  neutral  solution.  It  is  of  course  understood 
that  the  salicylic  acid  in  the  above  experiments  does  not  exist  in  a 
free  state,  but  in  combination  with  the  proteid  matter  present,  and 
doubtless  in  most  of  the  experiments  recorded,  where  trypsin  has 
been  exposed  to  the  action  of  small  fractions  of  a  per  cent,  of  acid, 
no  free  acid  has  been  present,  but  only  varying  percentages  of  acid- 
proteids.*  Ktthnef  has  pointed  out  that  hydrochloric  acid  above  0-05 
per  cent,  is  injurious  to  the  action  of  trypsin,  and  Heidenhain^  has 


*  See  Danilewsky.    CentralbL  mecL  Wiss.,  1880. 

f  Verb.  Naturhist  med.  Vereing  zu  Heidelberg,  1877,  p.  193. 

X  Pflfliger's  Archiv,  vol.  x,  p.  578. 
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shown  that  the  addition  of  O'l  per  cent,  hydrochloric  acid  to  an 
aqaeoas  extract  of  the  pancreas  stops  its  action.  C.  A.  Ewald'*'  how- 
ever, found  that  while  pepsin-hydrochloric  acid  destroyed  trypsin, 
trypsin  conld  digest  fibrin  in  the  presence  of  0*3  per  cent  hydrochlo- 
ric acid.  Maysf  likewise  found  that  trypsin  digestion  could  take 
plice  in  the  presence  of  0  3  per  cent,  hydrochloric  acid,  but  only 
when  a  relatively  large  proportion  of  fibrin  was  present,  and  in  cor- 
roboradon  of  Kohne's  statement,  he  showed  that  trypsin  could  be 
destroyed  both  by  pepsin  and  dilute  hydrochloric  acid.  EngesserJ 
found  that  a  panci-eatic  juice  did  not  lose  its  tryptic  power  by  two 
hoars  warming  with  a  gastric  jnice  containing  0*5  per  cent,  hydro- 
chloric acid.  Langley,§  on  the  contrary,  has  shown  that  a  glycerine 
extract  of  the  pancreas  loses  a  very  appreciable  amount  of  trypsin 
when  warmed  for  two  and  a  half  hours  with  0*05  per  cent,  hydrochloric 
acid.  Lindberger,!  working  with  an  alcohol  precipitate  from  a  glyc- 
erine extract  of  ox  pancreas,  in  which  there  would  naturally  be 
present  but  a  small  amount  of  proteid  matter  in  addition  to  the  tryp- 
on,  found  that  in  the  presence  of  0*1  per  cent,  hydrochloric  acid  the 
ferment  was  entirely  without  action,  and  even  in  the  presence  of 
0-012  per  cent,  hydrochloric  acid,  fibrin  was  much  more  slowly  dis- 
solved than  by  a  neutral  trypsin  solution.  Lindberger,  moreover, 
found  that  weaker  acids,  as  acetic  and  lactic,  had  a  much  different 
effect  than  the  stronger  hydrochloric  acid;  thus  with  dilute  acetic 
acid,  digestion  of  the  fibrin  was  almost  as  rapid  as  with  a  neutral 
solution  of  trypsin,  while  with  small  amounts  of  lactic  acid,  fer- 
ment action  was  even  more  energetic  than  in  a  neutral  solution. 
There  is,  however,  no  guarantee  that  in  these  experiments  free  acid 
was  present.  1^ 

We  have  found  that  free  acids,  even  when  present  in  small  per- 
centages, completely  stop  the  proteolytic  action  of  trypsin,  and  that 
when  considerable  albuminous  matter  is  present,  the  action  of  tryp- 
an u  much  hindered  by  the  addition  of  acid  to  a  neutral  solution, 
even  before  the  proteid  matters  present  are  saturated  with  acid.  0*1 
per  cent. /re6  salicylic  acid,  in  the  presence  of  proteids  already  satu- 

*  Jihresbericht  fXa  Thierchemie,  1880,  p.  297. 

t  tJotersuchuDgen  a.  d.  phjsiolog.  Inst.  d.  Univ.  Heidelberg,  vol.  iii,  p.  378,  1880. 
t  Jahresbericht  fC^  Thierohemie,  1880,  p.  297. 
%  Joornal  of  Physiology,  vol.  iii,  No.  3. 
I  Jthraabericht  ffir  Thierchemie,  1883,  p.  281. 

Y  We  have  seeo  only  the  abstract  of  Lindberger^s  paper,  so  cannot  speak  positively 
oo  this  point. 
Trajib.  Conk.  Acad.,  Vol.  VII.  19  Oct.,  1885. 


146  Chittenden  and  Cummins — Ir^tience  of  Bile 

rated  with  the  acid,  allows  no  proteolytus  action  whatever.  Fa^the^ 
more,  a  sufficient  amoant  of  proteid  matter  just  saturated  with 
hydrochloric  acid,  no  free  acid  being  present,  will  almost  completely 
stop  the  action  of  trypsin.  Proteid  matter,  however,  only  partially 
saturated  with  acid '  has  a  much  smaller  retarding  action.  This, 
doubtless,  was  the  condition  of  the  mixtures  in  Mays'  and  Enges- 
ser's  experiments  above  referred  to,  for,  as  Mays  states,  the  ferment 
could  act  in  the  presence  of  0%3  per  cent,  hydrochloric  acid  only  when 
a  relatively  large  proportion  of  fibrin  was  present. 

A  pancreatic  juice  prepared  from  20  grams  of  dried  pancreas  by 
warming  it  at  40°  C.  with  200  c.c.  0*1  per  cent,  salicylic  acid,  etc., 
was  finally  made  exactly  neutral  and  diluted  to  500  c.c. ;  25  c.c.  of 
this  solution  required  7 '6  c.c.  of  a  2*0  per  cent,  solution  of  salicylic 
acid  to  completely  saturate  the  proteids  present,*  the  excess  of  free 
acid  necessary  to  give  the  tropsBolin  reaction  being  deducted. 

Three  digestive  mixtures  were  made  as  follows : 

1.  25  C.C.  of  the  neutral  pancreatic  solution +  50  c.c.  water. 

2.  26  C.C.  of  the  same  pancreatic  solution +  7*6  cc.  2'0  per  cent, 
salicylic  acid  solution  +17*5  cc.  water.  The  mixture  was  acid  to 
test  papers,  but  gave  no  reaction  with  tropsBolin  Od.  It  therefore 
contained  no  free  acid,  but  0*3  per  cent,  of  combined  acid. 

3.  The  same  as  No.  2,  but  2*5  c.c.  more  of  2*0  per  cent,  aalicylic 
acid,  so  that  the  solution  contained,  in  addition  to  the  acid  proteids, 
O'l  per  cent,  free  salicylic  acid. 

One  gram  of  fibrin  was  added  to  each  of  these  and  the  mixtures 
warmed  at  40°  C.  for  8  hours  and  40  minutes.  No.  1  digested  88*34 
per  cent,  of  the  fibrin,  No.  2,  13*44  per  cent.,  while  No.  3  had  no 
action  whatever. 

Much  smaller  percentages  of  combined  salicylic  acid  cause  an 
equally  diminished  proteolytic  action ;  thus,  in  the  case  of  a  carefully 
dialyzed  juice  where  the  proteid  matter  was  much  diminished,  the 
digestive  mixture,  with  its  proteids  wholly  saturated,  contained  but 
0*060  per  cent,  of  combined  salicylic  acid;  yet  this  mixture,  in  15 
hours  at  40°  C.  digested  but  17*10  per  cent,  of  fibrin,  while  the  same 
amount  of  the  neutral  trypsin  solution  digested  57*80  per  cent. 

*  Tested  by  tropseolin  00  according  to  the  method  of  Danilewskjr  (OoDtralbL  med. 
WisB.,  1880).  One  drop  of  a  solution  containing  0*028  per  cent,  free  salicylic  aad 
gives  a  reddish-violet  color,  which  is,  however,  not  permanent  as  in  the  case  of  hjiiio- 
chloric  acidf  but  transient.  With  hydrochlorio  add,  one  drop  of  a  0*003  per  oent 
solution  will  give  the  reaction. 
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Combined  hydroohlorio  acid  has  a  greater  hiDdering  action  than 
salicylic  acid,  as  the  following  results  show : 

Fibrin  dlgMted 
Paner«ftltc  loliitioii  of  trjpsin.  in  18  hours. 

neutral  67*80  per  cent 

0*034  per  cent,  combined  HCl+no  free  HCI  3*90 

0034       "  »♦  HCI  +  0  005  per  cent  free  HCI  3*31     . 

0034       *•  *•  HOI +  00 10        »  "  0-87 

It  is  thus  evident  that  in  an  ordinary  digestive  mixture,  or  even 
where  albuminous  matter  is  present  only  in  limited  quantity,  the 
addhioo  of  hydrochloric  or  salicylic  •  acid  to  a  neutral  solution  of 
trypsin  reduces  its  proteolytic  action  to  a  minimum  before  any  free 
acid  is  present. 

4. — Influence  of  Bile^  Bile  Salts  and  Bile  Acids  on  the  Proteolytic 
Action  of  Trypsin, 

The  addition  of  bile  to  a  neutral  pancreatic  juice  causes  but  little 
change  in  its  proteolytic  action,  as  is  seen  from  the  following  results 
obtained  with  ox  bile  containing  8*3  per  cent,  solid  matter : 


Wle. 

Weight  of 
ondigMted  retldne. 

Fibrin 
digested. 

0  per  cent. 

0*4118  gram. 

59*82  per  cent. 

1*0 

0*3907 

60*93 

100 

0*3938 

6062 

A  slightly  increased  action  is  the  only  effect  produced  on  the 
trypsin.*  The  addition  of  bile  to  an  alkaline  pancreatic  juice  does 
not  produce  any  very  different  results.  The  following  were  obtained 
with  a  pancreatic  juice  containing  0*3  per  cent,  sodium  carbonate  and 
fresh  ox  bile  containing  10*02  per  cent,  solid  matter: 


Bfle. 

Weight  of 
nndtgetted  residue. 

Fibrin 
digested. 

0  per  cent. 

0*3056  gram. 

69*44  per  cent 

0*26 

0*3074 

69*26 

0*50 

0*3488 

6512 

100 

0*3633 

63*67 

5*00 

0*3278 

67*22 

10*00 

0-3603 

63*97 

Here  there  is  no  increased  proteolytic  action,  neither  is  there  any 
Tery  great  retarding  effect  produced.  Pure  sodium  glycocholate 
utd  taurocholate  produce  results  similar  to  bile,  as  the  following 
taUe  shows.  The  pancreatic  juice  contained  0*3  per  cent,  sodium 
carbonate : 


♦  Compare  Hejdenhain,  Pfluger'e  Arcjiiv.,  vol.  x,  p.  579. 
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Sodium 
taaroctaoUte. 

Weight  of 
nndigested  residue. 

Fibrtn 
digested. 

0  per  cent. 

0-2308  gram. 

76*92  per  cent 

0-06 

0-2566 

74-34 

010 

0-3048 

69-62 

100 

0-2832 

71-68 

sodium  glyoocholate. 

010 

0-2576 

74-24 

0-20 

0-3154 

68-46 

The  presence  of  3'0  per  cent,  crystallized  ox  bile  caused  a  some- 
what different  result,  increasing  the  proteolytic  action  slightly ;  thus, 
while  the  control,  containing  0-3  per  cent,  sodium  carbonate,  digested 
88-69  per  cent,  of  fibrin,  the  same  trypsin  solution  plus  3  per  cent 
of  crystallized  bile  digested  in  the  same  time  89*'73  per  cent,  of  fibrin. 

While  bile  or  bile  salts  have  but  little  influence  on  the  proteolytic 
action  of  trypsin,  the  bile  acids,  even  small  percentages,  have  a  much 
more  marked  effect.  The  following  results,  obtained  by  the  addition 
of  the  bile  acids  to  a  neutral  pancreatic  juice,  show  the  extent  of  the 
action : 


Bile  »clda. 

Weight  of 
QDdlgetted  residue. 

Fibrin 
digested. 

0 

0-2616  gram. 

74-84  per  cent 

Glycocholic,  0-03  per  cent. 

01993 

80-07 

Taurocholic,  ©-10 

0-3455 

65-45 

0-20 

0-4332 

56-68 

0-50 

0-4170 

58-30 

Here  the  retarding  influence  of  taurocholic  acid  is  very  manifest, 
while,  on  the  other  hand,  the  small  percentage  of  glycocholic  acid 
appears  to  increase  the  action  of  the  ferment. 

In  view  of  the  possible  acid-reacting  character  of  the  contents  of 
the  small  intestines,  it  becomes  an  interesting  point  to  ascertain  the 
influence  of  bile  on  the  action  of  trypsin  in  the  presence  of  more 
or  less  combined  acid.  With  a  pancreatic  juice  in  which  the  proteids 
were  partially  saturated  with  salicylic  acid,  0*1  per  cent,  combined 
acid  being  present,  the  following  results  were  obtained  : 

Weight  of  Fibrin 

Bile.  nndigested  residue.  digested. 

0  percent  0'4322  gram.  51*78  percent 

10  0-4858  51-42 

10-0  0-4091  59-09 

This  increa^d  action  in  the  presence  of  10  per  cent,  of  bile  accords 
with  Lindberger's  results,  this  experimenter  having  found  that  bile 
in  the  presence  of  small  percentages  of  (combined?)  acetic  and  lactic 
acids  tends  to  diminish  the  retarding  effect  produced  by  the  acids 
alone. 

In  the  presence  of  combined  hydrochloric  acid,  the  bile  salts  pro- 
duced no  effects  whatever ;  the  trypsin  was  entirely  without  action. 


X«— Absorption  op  Arsbnic  by  thb  Brain.     By  R.  H.  Chitten- 
den AND  Herbert  £.  Smith,  M.D. 

Sons  time  since  one  of  us*  advanced  the  view  that  the  amount  of 
areenic  present  in  the  brain,  in  cases  of  arsenical  poisoning,  is  an  in- 
dex to  the /brm  in  which  the  poison  was  taken,  viz :  whether  in  a 
readily  solnble  and  diffusible  form,  such  as  sodium  arsenite,  or  in  a 
comparatively  insoluble  form,  as  arsenious  oxide  or  aceto-arsenite  of 
eopper.  The  original  experiments  of  Scolosuboff  f  on  animals,  with 
sodiam  arsenite,  plainly  showed  the  capability  of  nerve  tissue  for  the 
absorption  of  arsenic ;  yet  the  recorded  observations  of  toxicologists 
tend  to  show,  as  a  rule,  the  presence  of  but  traces  of  this  metal  in 
cases  of  arsenic  poisoning,  either  acute  or  chronic.  Scolosuboff's  re- 
sults are,  however,  undoubtedly  correct ;  arsenic  when  taken  in  a  very 
soluble  and  diffusible  form  without  doubt  does  accumulate  in  the 
braiD,  but  in  our  opinion  only  when  in  that  condition^  and  thus  in 
the  more  common  forms  of  poisoning  with  the  white  oxide  or  other 
insoluble  forms  of  arsenic,  but  a  trace  of  the  poison  is  to  be  found  in 
the  brain  at  any  one  time. 

With  a  firm  belief  in  the  truth  of  the  above  statement,  founded  on 
personal  experience  and  the  recorded  results  of  other  workers  in  this 
field,  it  was  maintained  by  one  of  us  in  a  previous  paper^  that  the 
presence  of  weighable  amounts  of  absorbed  arsenic  in  the  brain  may 
be  taken  as  an  indication  of  the  administration  of  a  soluble  form  of 
the  poison.  Experiments  on  animals  tend  to  show  the  correctness  of 
the  theory  and  the  results  of  toxical  investigations,  so  far  as  our 
knowledge  extends,  contain  nothing  contrary  to  this  view.  If  true, 
we  onght  never  to  find  under  any  circumstances  an  accumulation  of 
anenic  in  the  brain,  after  the  administration  of  an  insoluble  form  of 
the  poison.  Hence,  the  study  of  arsenic  cases,  where  the  form  of 
poison  is  known,  is  of  great  impoitance  in  this  connection. 

We  have  had  a  recent  opportunity  of  adding  two  more  cases  to 

*  GfaitteDdeii,  Amer.  Chem.  Jonr.,  vol.  v,  p.  S;  and  Medioo-Legal  Journal,  vol  u, 
11237. 
f  Bulletin  de  la  Soci^t^  Chimique  de  Paris,  vol.  xxiv,  p.  125. 
\  Chittenden,  loc.  cit 
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the  list  of  those  which  bear  testimony  to  the  truth  of  the  above 
theory ;  two  fatal  cases  of  arsenic  poisoning,  one  of  which  was  caused 
by  the  white  oxide,  the  other  presumably  by  Paris  green  or  aoeto- 
arsenite  of  copper. 

Case  A. — L.  K,  a  middle-aged  laboring  man,  ate  for  his  dinner  at 
noon  a  quantity  of  bean  soup.  Almost  immediately  after,  he  was 
seized  with  vomiting  and  purging,  cramps  in  the  legs,  and  all  the 
ordinary  symptoms  of  acute  arsenic  poisoning.  There  were  no 
marked  cerebral  symptoms.  At  9  p.  m.  of  the  same  day  the  patient 
died  in  a  condition  of  collapse,  having  thus  lived  nine  hours  after 
eating  the  poisoned  soup.  An  autopsy  made  the  following  day  by 
Dr.  M.  C.  White  of  the  Yale  Medical  School,  to  whose  courtesy  we 
are  indebted  for  a  description  of  the  case,  and  also  for  the  organs  for 
analysis,  revealed  the  following  points  of  interest:  "The  macous 
membrane  of  the  stomach  was  very  much  inflamed,  especially  around 
the  cardiac  orifice.  The  duodenum  was  likewise  much  inflamed,  also 
the  lower  part  of  the  rectum,  showing  here  as  a  red  mottled  conges- 
tion. The  remaining  portions  of  the  intestines  were  normal.  The 
brain  showed  marked  congestion.  The  kidneys  were  normal  in  ap- 
pearance, the  urinary  bladder  was  nearly  empty,  and  the  mucous 
lining  somewhat  reddened.  The  lungs  were  normal,  except  the 
lower  half  of  the  right  one,  which  was  a  little  congested.  The  heart 
normal ;  small  fibrinous  clot  in  the  right  ventricle.^'  In  order  to 
draw  deductions  of  any  value  from  the  distribution  of  arsenic  in 
the  body  of  the  deceased  we  must  know  positively  as  to  the  form  in 
which  the  poison  was  taken.  Fortunately,  we  were  able  to  obtain 
the  residue  of  the  soup  eaten  by  the  deceased.  Microscopic  examina- 
tion of  the  sediment  plainly  showed  octahedral  crystals  of  arsen- 
ious  oxide,  and  we  were  able  to  separate  from  a  small  portion  of 
the  solid  residue  24  milligrams  of  the  oxide.  Plainly  the  soap  was 
poisoned  by  simply  mixing  with  it  arsenious  oxide  in  substance. 
As  to  the  quantity  of  arsenic  present  in  the  soup  we  have  the  follow- 
ing data:  125  c.  c,  oxidized  with  hydrochloric  acid  and  potassium 
chlorate,  yielded  314*6  milligrams  of  arsenious  sulphide,  equal  to 
253*2  milligrams  of  arsenious  oxide.  As  to  the  amount  taken  by  the 
deceased  we  have  no  knowledge ;  we  infer,  however,  since  the  soup 
constituted  the  main  portion  of  his  dinner,  that  a  largQ  quantity  was 
eaten,  which  view  we  think  is  substantiated  by  the  intensity  of  the 
vomiting  and  purging  so  characteristic  of  large  doses  of  the  poison. 

Here  then,  we  have  an  unquestionable  case  of  poisoning  with 
arsenious  oxide,  and  under  conditions  most  suitable  for  rapid  absorp 
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tioD ;  a  probable  empty  condition  of  the  stomach,  together  with  a 
lirge  amount  of  the  poison,  a  considerable  portion  of  which  must 
probably  have  been  dissolved  in  the  soup.  Added  to  this,  nine  hours 
bter^ened  between  the  taking  of  the  poison  and  death.  Certainly 
then  everything  favored  an  absorption  of  poison  by  the  brain,  if 
sach  is  characteristic  of  this  form  of  arsenic.  Naturally  the  vomit- 
ing and  purging  would  remove  much  of  the  poison,  still  the  relative 
proportion  of  absorbed  arsenic  would  not  be  materially  altered,  and 
thos  if  Scolosnboff 's  results  with  soluble  arsenites  are  applicable  to 
arBenions  oxide,  we  ought  to  find  in  this  case,  in  conformity  with  his 
results,  a  larger  percentage  of  arsenic  in  the  brain  than  in  the  liver 
or  kidneys. 
Following  are  the  results  actually  found  :* 

Liver  (1269  grams)  oontaiiied  76*0  milligrams  AssOi. 

Kidney  and  bladder  (332  grams)  oontaioed  0*6  milligram  AssOs.  « 

Brain  (^=328  grams  dry)  contained  simply  a  reoognizable  traoe. 

Case  B, — J.  G.,  a  young  woman,  age  unknown.  Regarding  the 
detuls  of  this  case  we  have  less  definite  knowledge.  She  was  last 
seen  alive  on  Friday  night,  at  which  time  she  threatened  to  poison 
herBell  The  following  Monday  morning  she  was  found  dead,  and 
near  her  an  open  package  of  Paris  Oreen,  She  had  evidently  been 
dead  some  time,  and  both  the  condition  of  her  room  and  person  gave 
efidence  of  excessive  purging  and  vomiting.  An  autopsy  by  Dr. 
White  showed  an  entire  absence  of  inflammation  of  the  alimentary 
tract,  and  also  a  lack  of  any  abnormal  condition  sufficient  to  account 
for  death.  The  verdict  was  therefore,  death  by  poisoning  with  Paris 
green  or  aceto-arsenite  of  copper. 

Through  the  kindness  of  Dr.  White  we  were  able  to  obtain  por- 
tions of  the  body  for  analysis.  The  contents  of  the  stomach  were 
entirely  free  from  arsenic,  the  poison  having  been  wholly  removed 
bj  the  purging  and  vomiting ;  the  trace  found  therefore,  was  the 
tmoont  absorbed  by  the  muscle  tissue  of  the  stomach.  Following 
ve  the  amounts  of  arsenic  found  in  the  parts  analyzed : 

Liver  (2984  grams)  contained  12'78  milligrams  AsaOs. 

Kidneys  and  bladder  (615  grams)  contained  3*40  milligrams  AssOa. 

Muscle  of  thigh  (736  grams)  contained  0*97  milligram  AsaOi. 

Stomaclr(425  grams)  contained  a  trace. 

Brain  (1179  g^ms)  contained  a  trace. 

*  The  method  of  analysis  consisted  in  the  oxidation  of  the  tissue  with  nitric  and 
nlphnric  acids,  the  arsenic  being  weighed  as  metallic  arsenic.  See  Amer.  Chem. 
Joumil,  ToL  ii,  p.  236. 


162  Chittenden  and  Smith — Absorption  of  Arsenic  by  ths  Brain. 

The  trace  of  arsenic  in  both  the  muscle  tissue  of  the  stomach  and 
in  the  brain  was  very  small;  the  entire  brain  could  not  have  con- 
tained more  than  0*2  of  a  milligram  of  arsenic. 

These  resnlts  plainly  substantiate  the  views  set  forth  above  and 
lend  favor  to  the  belief  that  Scolosuboff's  results  with  sodium  arsen- 
ito  are  applicable  only  to  that  form  of  poison,  and  not  to  the  more 
ill  soluble  compounds  of  arsenic.  These  two  cases,  therefore,  are 
additional  evidence  that  in  poisoning  with  arsenic  the  presence  of  an 
appreciable  amount  of  poison  in  the  brain,  is  an  indication  amoant- 
iitg  almost  to  proof  positive  of  the  administration  of  a  soluble  and 
diffusible  form  of  arsenic. 


XI.— Influence  of  Potassium  and  Ammonium  Bbomides  on 
Metabolism.  By  R.  H.  Chittenden  and  W.  L.  Culbebt, 
Ph.B. 

As  a  question  in  the  physiology  of  nutrition,  it  is  very  desirable  to 
be  able  to  state  something  definite  regarding  the  influence  of  bro- 
mides upon  the  metabolism  of  the  body ;  particularly  their  influence 
upon  the  metabolism  of  proteid  matter,  as  shown  in  the  excretion 
of  urea  and  uric  acid,  and  in  view  of  their  special  application  as 
therapeutic  agents  in  diseases  of  the  nervous  system,  their  influence 
also  on  the  decomposition  of  nerve  substance,  as  shown  in  the  excre- 
tion of  phosphoric  acid.  Two  complete  investigations  appear  to 
have  been  made  upon  this  subject;  one  in  1808  by  Dr.  J.  H.  Bill,* 
and  one  in  1 883,  by  Dr.  B.  Schulze,f  the  results  of  which  are  more  or 
lets  in  direct  opposition  to  each  other.  We  have  also  seen  a  refer- 
ence to  two  other  investigations,  quoted  by  Dr.  Wood,J  in  which 
Dr.  Rabuteau  found  the  daily  excretion  of  urea  slightly  lessened 
under  the  influence  of  bromide,  as  did  also  Dr.  Bartholow. 

Dr.  Bill's  investigation,  which  was  a  very  thorough  one,  had  for 
one  of  its  objects  to  ascertain  whether  bromides  reduce  the  amount 
of  phosphoric  acid  excreted,  like  such  known  hypnotics  as  morphine; 
at  the  same  time  careful  examination  was  made  of  the  variations  in 
area  and  uric  acid  under  the  diflerent  conditions  of  the  experiments. 
The  experiments  were  all  conducted  on  one  person  with  a  body 
weight  of  160  pounds,  which  remained  fairly  constant  throughout. 
The  experiments  were  made  in  series  under  known  conditions  with 
Qoiformity  of  habits,  diet,  etc.  Unfortunately,  however,  no  data  are 
given  regarding  the  nature  of  the  diet,  the  closeness  with  which  it 
was  adhered  to,  or  whether  the  body  was  kept  In  a  state  of  nitro- 
genous equilibrium.  Each  series  of  experiments,  moreover,  covers  at 
the  most,  but  six  days;  three  days  without  bromide  and  three  days 
with,  consequently  slight  variations  might  easily  be  absorbed  in  an 
average  of  three  results.    The  urea  in  Dr.  Bill's  work  was  deter- 

*  Amer.  Jour.  med.  Sciences,  July,  1868.  Kxperimental  Researches  into  the  action 
ttd  Therapeutic  value  of  Bromide  of  Potassium. 

t  Zeitachrift  f&r  Biologie,  vol.  xix,  p.  301.  Eiufluss  des  Bromkalium  auf  deu  Stoff- 
w«diael 

t  Thertpeutios,  p.  337. 

Tiijrs.  CoHH.  AOAD.,  Vol.  VIL  20  Nov.,  1886. 
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mined  with  a  ''mercury  soliitioD,"  phosphoric  acid  with  uraniam 
solatioD  and  aric  acid  by  precipitation  and  weighing  as  such.  The 
results  obtained  were  as  follows :  With  moderate  doses  of  potassium 
bromide  (3*0-8'0  grams  per  day)  urea  was  not  affected,  phosphoric 
acid  was  slightly  increased,  uric  acid  likewise,  though  much  more 
decidedly;  with  larger  doses  of  bromide  (10*0-14*0  grams  per 
day,  continued  for  2-3  days)  phosphoric  acid  was  diminished  in 
amount,  but  this  Dr.  Bill  intimates  could  not  be  attributed  to  regular 
hypnotic  action,  since  the  other  urinary  constituents  were  likewise 
diminished,  notably  the  urea.  Both  large  and  small  doses  of  bro- 
mide increased  the  quantity  of  urine  passed  in  the  twenty-four  hours. 
This  Dr.  Bill  asserts  was  not  due  to  the  increased  drinking  of  water, 
for  no  thirst,  not  even  with  the  largest  doses,  was  ever  present. 

Dr.  Schulze,  experimenting  on  his  own  person,  obtained  results 
quite  different  from  these.  This  investigator  lived  on  a  fixed  diet  of 
the  following  composition : 

220  grams  freah  meat  s'I'lS  grams  N. 

50  grams  air-dried  wheat  bread =0*92  grams  N. 
30  grams  cocoa  powder  =1*14  gp*am8  N. 

30  grams  butter. 
30  grams  sugar. 
5  grams  salt. 
1600  grams  water. 

919  grams  N. 

The  average  amount  of  nitrogen  excreted  daily  was  about  1 1  grams. 

Taking  this  amount  of  food  daily,  with  uniform  habits  of  sleep, 
exercise,  etc.,  Dr.  Schulze  states  that  he  soon  reached  a  point  where 
the  daily  excretion  of  nitrogen,  sulphur  and  phosphorus  remained 
fairly  constant.  Potassium  bromide  was  then  taken  three  days,  in 
divided  doses  of  10  grams  each  day.  Diuretic  action  was  very 
noticeable.  Phosphorus  was  diminished,  sulphur  very  much  in- 
creased, and  nitrogen  (on  two  days)  apparently  slightly  increased 
under  the  influence  of  the  bromide.  As,  however,  the  increased 
excretion  of  sulphur  was  not  accompanied  with  a  corresponding 
increase  in  the  excretion  of  nitrogen,  Schultze  considers  that  the 
increase  in  sulphur  cannot  be  due  to  increased  metabolism  of  sim- 
ple albuminous  matter,  and  seeks  to  show  that  the  potassium  bro- 
mide must  have  decomposed,  to  a  slight  extent,  some  nitrogenous 
phosphorized  principle  or  principles,  such  as  lecithin  (glycerine-phos- 
phoric acid)  and  nuclein,  so  abundant  in  the  brain  and  nerve  sub- 
stance in  general.     Schulze  therefore  concludes  that  under  the  influ- 
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enoe  of  potassium  bromide  there  is  probably  a  decided  dimination  of 
meUbolic  activity  in  the  nervous  system,  accompanied  by  decreased 
Denroos  irritability. 

By  determining  the  nitrogen  of  the  faeces,  Schalze  concluded  that 
the  bromide  exercised  no  particular  influence  on  the  digestibility  of 
the  food. 

Id  oar  experiments  great  care  was  taken  first,  to  insure  body  equi- 
librium and  then  to  obtain  sufficient  data  by  analysis,  to  be  sure  of 
the  requisite  constancy  in  the  composition  of  the  daily  excretions. 
The  experiments  were  tried  throughout  on  the  person  of  one  of  us 
(W.  L.  C),  of  good  physique  and  vigorous  constitution.  The  diet 
was  weighed  out  each  day  with  scrupulous  care  and  was  as  follows : 

Fresh  meal  [beef] 1420  grams. 

Potatoes 283-6  " 

Wheat  bread 2560  " 

Oatmeal 500  " 

Butter '.  56-7  " 

Sugar 28-3  " 

Salt 0-7  *• 

liak.. 7000  " 

Water 346-6  " 

This  diet  was  commenced  on  the  third  day  of  April  and  continued 
for  nine  days  before  any  attempt  was  made  to  ascertain  the  daily 
amounts  of  urea,  etc.,  excreted.  Then  the  urine  was  analyzed  for 
nine  successive  days,  after  which  doses  of  potassium  bromide  were 
taken.  The  above  daily  amount  of  food  was  divided  into  three  por- 
tions and  taken  at  the  same  time  each  day;  at  7:30  a.  m.,  1  p.  m., 
and  6  p.  m.  Exercise  was  taken  regularly  and  in  stated  amounts ; 
consisting  of  a  walk  each  morning  before  breakfast  and  exercise 
with  dumbbells  just  before  retiring  at  11  p.  m.  Care  was  taken  not 
to  exercise  so  freely  as  to  induce  perspiration.  Throughout  the  day 
roatine  duties  allowed  of  regular  habits.  It  was  thus  found  possi- 
ble to  keep  even  the  minor  conditions  of  the  experiment  constant 
tbrooghout.  The  urine  was  collected  from  7:30  a.  m.  of  one  day  to 
7:80  a.  m.  of  the  next,  and  was  at  once  analyzed.  Urea  was  deter- 
mined by  PflQger's*  modification  of  Liebig's  method,  with  a  standard 
eolation  of  mercuric  nitrate.  All  the  precautions  so  carefully  worked 
ont  by  PflQger;  preparation  of  a  mercuric  nitrate  solution  of  the 
proper  specific  gravity,  a  standard  solution  of  sodium  carbonate  to 
neutralize   the   acid   of  the  former,   preliminary   determination    of 

*  Pfliiger*8  Archiv,  vol.  xxl,  p.  248. 
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chlorine  and  removal  of  the  same,  before  precipitating  the  urea; 
were  carried  out  with  very  satisfactory  results.  Uric  acid  wm 
determined  according  to  the  older  method  of  Heintz*  with  the  modi- 
fication of  Zablins,  and  being  conducted  each  time  under  exactly 
the  same  conditions  and  with  a  urine  of  approximately  the  same 
composition,  the  results  are  to  be  considered  as  strictly  comparable. 
Chlorine  and  bromine  were  determined  in  the  usual  manner  with  a 
standard  solution  of  silver  nitrate;  the  results,  however,  are  not 
given  as  they  are  of  value  only  as  essential  to  the  urea  determinations. 
Total  phosphoric  acid  was  determined  by  means  of  a  standard  solu- 
tion of  uranium  nitrate.f  Phosphoric  acid  in  combination  with  alkali- 
earths  was  determined  by  precipitation  with  ammonium  hydroxide, 
allowing  the  mixture  to  stand  24  hours,  filtering  the  precipitated 
phosphates,  washing  thoroughly  with  diluted  ammonia,  then  dissolv- 
ing in  a  definite  amount  of  dilute  acetic  acid  and  titrating  with 
uranium  solution.  Total  amount  of  solid  matter  contained  in  the  24 
hours'  urine,  was  calculated  by  the  use  of  Christison's  formula. 

The  diet  specified,  was  commenced  on  the  3d  day  of  April ;  on  the 
12th  the  urine  was  collected  for  analysis,  the  body  weight  taken  and 
the  investigation  then  carried  forward  without  interruption.  Table 
No.  I.  gives  the  results  of  the  analysis  of  the  urine  for  nine  con- 
secutive days,  and  shows  the  average  amount  of  variation  to  be 
expected  under  the  conditions  of  the  experiment. 

On  the  21st  of  April,  60  grains  of  potassium  bromide  were  taken 
in  divided  doses  as  seen  in  Table  No.  II.  The  bromide  was  taken 
about  midway  between  the  hours  of  eating,  so  that  it  might  not  affect 
digestion.  On  the  22d  the  dose  was  increased  to  100  grains  and  then 
to  150,  the  latter  amount  being  taken  daily  for  three  consecutive 
days.  Table  No.  II.  shows  the  effects  of  the  bromide  on  the  system, 
for  the  six  days  it  was  taken. 

On  the  first  day,  the  only  apparent  influence  of  the  bromide  is  to 
cause  a  diminution  in  the  amount  ot  phosphoric  acid  excreted ;  seen 
both  in  the  total  P,0^  and  in  the  P,0^  in  combination  with  alkali- 
earths.  On  the  second  day,  the  diuretic  action  of  the  salt  is  apparent, 
accompanied  with  an  increase  in  specific  gravity,  and  a  decided 
increase  in  the  amount  of  urea  excreted,  together  with  a  slight  in- 
crease in  the  amount  of  uric  acid.  Phosphoric  acid  was  still  dimin- 
ished in  amount.  On  the  third  day,  the  body  weight  commenced  to 
diminish  and  continued  to  do  so  throughout  the  experiment ;  diuretic 


*  Die  Lehre  vom  Ham,  Salkowski  qnd  Leube,  p.  94-95. 
f  Die  I^bre  vom  EJara,  p.  184, 
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aetioii  was  still  apparent  as  was  also  increased  elimination  of  area, 
and  to  a  slight  extent  of  ai*ic  acid  likewise.  Indeed,  the  most  notice- 
able effect  of  the  bromide,  next  to  its  diuretic  action  is  its  decided 
influence  on  proteid  metabolism  as  shown  by  the  increased  elimina- 
tioD  of  urea.  As  to  phosphoric  acid  the  results  are  not  so  striking, 
although  an  average  of  the  two  series  shows  a  diminished  excretion, 
both  of  total  P,0^  and  of  P,0^  in  combination  with  alkali-earths.  The 
average  difference  in  the  two  series  of  results  is  clearly  shown  by 
the  following  table : 

Avertgt  of  Table 

No.  I.  without  KBr.  No.  II.  with  KBr. 

Total  qaantitj  of  urine 926  c.  c.  1010  c.  c. 

Sp.  Gr 1025,8  1026,3 

Total  solid  mattera 66-7329  grams.  63-6252  grams. 

Total  P,0» 2-7640  2-5426 

P«0»  in  oombination  with  Ca  and  Mg.          0*6022  0*6452 

Uricadd.-.. 0*6752  0-6858 

Urea 34*8681  35*9454 

Our  results  therefore  plainly  indicate,  that  under  the  influence  of 
potassium  bromide,  nitrogenous  metabolism  is  increased  while  the 
excretion  of  phosphoric  acid  is  slightly  diminished  in  amount;  not 
however,  to  any  such  extent  as  would  be  expected  by  an  active 
hypnotic  agent.  The  bromide  taken,  the  largest  doses  about  10 
grams  per  day,  produced  its  usual  physiological  effects ;  such  as  drow- 
siness, diminution  of  the  circulation  with  accompanying  coldness  and 
paleness  of  the  skin.  '  Constipation  was  not  noticed  while  taking  the 
bromide,  but  later  on  it  became  somewhat  troublesome,  once  or  twice 
alternating  with  a  slight  diarrhoea.  In  accord  with  Dr.  Bill,  we  no- 
ticed an  increase  in  the  acidity  of  the  urine  while  taking  the  bromide, 
as  also  a  deepening  of  the  color. 

With  bromide  of  potassium  therefore,  our  results  agree  with  those 
of  Dr.  Scbnlze  in  showing  an  increased  excretion  of  nitrogen  (urea 
and  uric  acid),  although  far  more  pronounced  than  he  found  in  his 
experiments,  while  the  diminution  in  phosphorus  is  less  pronounced 
than  found  by  Schulze. 

With  Dr.  Bill's  experiments  our  results  agree  in  so  far  as  the 
fiminution  of  phosphoric  acid  is  concerned,  but  are  entirely  different 
tt  regards  the  urea.  Since,  however.  Dr.  Bill  retained  uniformity  in 
diet  only  during  the  days  of  the  experiments,  it  is  quite  possible 
that  lack  of  nitrogenous  equilibrium  may  have  had  some  influence  on 
his  results.  The  increased  elimination  of  urea  noticed  in  our  experi- 
ments is  certainly  indicative  of  increase.!  metabolic  activity ;   it  is. 
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however,  suggestive  that  potassium  bromide  has  been  recently  found 
to  exercise  a  very  decided  accelerating  influence  on  the  proteolytic 
action  of  both  pepsin-hydrochloric  acid*  and  trypsin  ;t  while,  there- 
fore, this  fact  may  have  something  to  do  with  the  increased  elim- 
ination  of  nitrogen,  particularly  as  the  diet  used  is  quite  rich  in  pro- 
teid  matter,  it  seems  more  probable  to  suppose  that  the  above 
changes  in  the  excretion  of  nitrogen  are  due  rather  to  changes  in  the 
tissue  proteids ;  still  it  would  have  been  interesting  if  the  nitrogen 
in  the  faBces  had  been  determined  each  day. 

Although  the  last  dose  of  potassium  bromide  was  taken  on  the  26th 
of  April,  the  same  diet  was  still  continued  and  the  urine  carefnllj 
examined  daily,  until  the  8th  of  May,  at  which  time  the  amount  of 
bromine  in  the  urine  was  reduced  to  a  minimum.  Dr.  Bill  states  that 
bromine  usually  disappears  entirely  from  the  urine  in  ten  days  after 
the  last  dose  of  bromide. 

The  results  of  the  twelve  days  analyses  are  shown  in  Table  No. 
IIL  In  examining  this  table  it  is  interesting  to  note  how  quickly 
the  elimination  of  urea  is  changed  on  stopping  the  doses  of  bromide. 
On  the  26tb,  the  last  day  the  bromide  was  taken,  the  excretion  of 
urea  amounted  to  37*5  grams;  on  the  27th  it  fell  to  31*8  grams,  far 
below  what  it  had  been  any  time  before  the  bromide  was  taken.  It 
would  thus  appear  that  after  withdrawal  of  the  bromide,  nutritioa 
which  had  been  accelerated,  rebounded  in  proportion  to  the  preceding 
acceleration.  Uric  acid,  moreover,  which  had  likewise  been  increased 
in  amount  by  the  bromide,  was  now  also  correspondingly  diminished. 
Furthermore,  the  diuretic  action  of  the  bromide  was  at  once  stopped, 
and  the  specific  gravity  fell  to  125*6.  In  the  case  of  phosphoric  acid, 
however,  the  action  of  the  bromide  appears  to  be  continued  for  a 
day  or  two  after  its  withdrawal,  and  indeed  it  is  noticeable  through- 
out, that  the  diminution  in  phosphoric  acid  excreted,  is  not  at  all 
proportional  to  the  amount  of  bromide  taken.  In  fact  phosphoric 
acid,  both  total  P,0^  and  alkali-earth  P,0^,  appears  to  be  more  deci- 
dedly diminished  on  those  days  when  the  amount  of  bromide  in  the 
blood  was  the  smallest,  notably  on  the  2l8t,  24th  and  27th  of  April. 
By  the  3d  day  after  withdrawal  of  the  bromide,  the  excretion  of 
urea  had  gone  nearly  back  to  the  daily  amount,  prior  to  taking  the 
bromide;  still  it  is  to  be  seen  in  Table  No.  Ill,  that  the  average  ex- 
cretion of  urea,  uric  acid  and  phosphoric  acid  is  below  the  average 
excretion  recorded  in  Table  No.  L     In  fact  after  the  continued  doses 


♦  Chittenden  and  Allen.    Trans.  Conn.  Acad.,  vol.  vii, 
I  Chittenden  and  Cummins,     Ibid. 
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of  potassinm  bromide,  the  metabolism  of  the  body  did  not  fall  back 
to  its  original  height ;  but  being  temporarily  accelerated  during  the 
exhibition  of  potassium  bromide,  it  [the  nitrogenous  metabolism] 
fell  back  on  withdrawal  of  the  same,  to  a  far  lower  level,  and  al- 
though later  somewhat  increased  in  amount,  its  average  was  still 
lower  than  recorded  in  Table  No.  L  Nutrition  had  evidently  been 
disturbed ;  the  body  weight  showed  gradual  diminution,  and  on  the 
4th  and  6th  of  May  there  was  slight  diarrhoea  accompanied  with 
a  decided  decrease  in  the  amount  of  urea  and  uric  acid  excreted. 

Dr.  Bill  appears  to  have  experimented  somewhat  with  sodium  bro- 
mide, although  we  find  no  results  recorded,  aside  from  the  fact  that 
this  salt,  like  potassium  bromide,  caused  an  increased  excretion  of 
uric  acid,  and  the  general  statement  that  ''when  taken  by  the 
moath,  bromide  of  sodium  does  not  produce  the  same  effects  as  bro- 
mide of  potassium.^'  In  view  of  the  increased  excretion  of  urea, 
noticed  under  the  influence  of  the  potassium  salt,  we  were  interested 
in  seeing  whether  ammonium  bromide  would  have  a  like  influence, 
especially  in  view  of  the  fact  that  v.  SchroBder*  has  shown  that  ammo- 
nium carbonate  is  directly  convertible  into  urea  by  passage  through 
the  liver. 

The  physiological  action  of  ammonium  bromide  is  stated  to  re- 
semble in  many  points  that  of  potassium  bromide,  while  in  other 
points  it  differs  essentially.f  As  to  its  influence  on  metabolism  no 
experiments  whatever  appear  to  have  been  made. 

On  the  9th  of  May,  75  grains  of  ammonium  bromide  were  taken, 
in  divided  doses,  as  shown  in  Table  No.  IV.  In  a^l,  425  grains  of  the 
salt  were  taken  in  four  consecutive  days.  The  action  of  the  salt  on 
the  system  was  not  as  pleasant  as  that  of  potassium  bromide ;  caus- 
ing a  general  weakness  and  indisposition,  a  slight  diminution  in  the 
palse,  an  occasional  cold  perspiration,  more  marked  lividity  of  the 
countenance  and  a  parched,  dry  taste  in  the  mouth.  An  habitual 
eruption  of  the  skin  was  moreover  much  increased  and  accompanied 
with  acne  on  the  back  and  shoulders.  Undoubtedly  these  disagree- 
able symptoms  were  much  augmented  by  the  temporary  lassitude 
which  was  beginning  to  be  apparent ;  doubtless  due  to  the  approach 
of  warm  weather  together  with  lack  of  the  accustomed  vigorous 
exercise  and  the  long  continued  use  of  the  somewhat  monotonous 
diet. 


*  Ardiiv  1  exp.  PathoL,  vol.  xv,  p.  364.    Also  Report  on  Progress  in  Physiological 
Chemistry  in  Amer.  Chem.  Jour.,  voL  v,  p.  219. 
t  Wood,  Therapeutics,  p.  341. 
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However  this  may  be,  the  use  of  ammoninm  bromide  in  oor 
experiments  gave  rise  to  more  unpleasant  symptoms  than  the  ose  of 
like  amounts  of  the  corresponding  potassium  salt.  Like  the  potas- 
sium salt,  ammonium  bromide  caused  increased  acidity  in  the  ariDe 
and  a  brighter  color.  As  to  its  influence  on  metabolism,  a  study 
of  Table  No.  IV,  and  comparison  with  No.  Ill,  plainly  shows  a 
decided  accelerating  influence  on  the  excretion  of  urea ;  the  average 
of  the  results,  moreover,  shows  a  very  slight  diminution  in  the  excre- 
tion of  total  phosphoric  acid,  at  the  same  time  it  would  appear,  in 
accord  with  what  was  observed  with  potassium  bromide,  that  the 
diminution  was  greatest  with  the  smallest  amounts  of  bromide,  as  on 
May  0th  and  lOtb  and  on  the  Idth  and  14th  after  withdrawal  of  the 
bromide.  With  the  largest  amount  of  ammonium  bromide,  on  the 
other  band,  phosphoric  acid  appeared  to  be  increased  in  amount, 
thus  according  with  what  Dr.  Bill  observed  with  like  quantities  of 
potassium  bromide. 

The  average  difierence  in  the  two  series  of  results  is  shown  by  the 
following  table : 

Arenge  of  _ 

Table  No.  Ill  No.  IV 

wlthoot  (NH4)Br.  with  (NH4)Br. 

Total  quantity  of  urine 916  c.  a  1072  c.  c. 

Sp.  Gr 1024,8  1024,4 

Total  solid  matters 54*3970  grams.  62*3608  grama. 

Total  PaOi-... 2-5643  2-6130 

'  PaOft  in  combination  with  Oa  and  Mg.  0*4972  0*5749 

Uric  acid ^ 0*6699  0*6751 

Urea 32*8679  34*6606 

It  is  thus  seen  that  diuretic  action  is  even  greater  with  the  ammo- 
nium  salt  than  with  potassium  bromide;  likewise  the  excretion  of 
both  urea  and  uric  acid  is  greater  under  the  influence  of  ammoninm 
bromide  than  in  the  case  of  the  potassium  salt ;  as  to  phosphoric  acid 
the  table  of  averages  shows  practically  nothing,  but  as  before  ob- 
served a  study  of  the  individual  results  does  indicate  some  action  of 
the  salt,  although  diminution  in  the  excretion  of  phosphoric  acid 
under  the  influence  of  ammonium  bromide  cannot  be  so  surely  claimed 
as  with  the  potassium  salt. 

After  withdrawal  of  the  ammonium  bromide,  the  urine  was  exam- 
ined for  two  days  more ;  the  results  showing  the  same,  or  even  greater 
drop  in  the  excretion  of  urea,  observed  under  like  conditions  with  the 
potassium  salt  (Table  No.  V.).  Hence,  so  far  as  our  experiments  ex- 
tend, the  influence  of  the  two  salts  on  the  metabolism  of  the  body  is 
very  much  alike,  diflering  only  in  extent  of  action ;  the  ammoniom 


and  Ammonium  bromides  on  MetaholUm,  165 

salt,  as  might  be  expected,  causing  the  largest  excretion  of  nrea,  not, 
however,  necessarily  from  any  greater  influence  on  proteid  metabolism, 
bot  merely  as  furnishing  a  certain  amount  of  ammonia  to  be  excreted 
as  area.  Finally,  our  results,  with  both  salts,  fail  to  show  that  dimi- 
oation  in  the  excretion  of  phosphoric  acid  to  be  expected  from  active 
hypnotic  agents,  and  in  this  respect,  therefore,  our  results  show  noth- 
ing antagonistic  to  Dr.  Bill's  conclusion  "  that  bromide  of  potassium 
in  its  legitimate  action,  is  an  ansesthetic  to  the  nerves  of  the  mucous 
membranes  and  a  depressor  of  their  action.  Its  hypnotic  effects  are 
secondary." 


XII. — InPLUBNCK     of     CiNCHONlDINE    SuLPHATB    ON    MxTABOLISlt 

By  R.  H.  Chittenden  and  Henby  H.  Whitehouse,  Ph.B, 

While  raach  attention  has  been  paid  to  the  physiological  study  of 
the  cinchona  alkaloids ;  quinine  particularly  having  been  experimented 
with  by  several  observers,  to  ascertain  its  influence  on  the  metabol- 
ism of  the  body ;  we  have  not  been  able  to  find  any  recorded  state- 
ments bearing  on  the  action  of  the  closely  related  alkaloid,  cinchoni- 
dine.  In  physiological  action,  quinine  is  taken  as  a  type  of  the 
group ;  cinchonine  is  stated*  to  be  similar  to  quinine  but  less  power- 
ful, and  that  its  history  in  the  organism  is  parallel  with  that  of  qui- 
nine ;  cinchonidine  is  likewise  stated  to  be  weaker  than  quinine  and 
in  physiological  action,  apparently  its  equivalent  when  taken  in  doses 
one-third  larger.  Presumably,  therefore,  its  action  on  the  metabol- 
ism of  the  body  is  similar  to  that  of  quinine,  although  apparently  no 
attempt  has  been  made  to  determine  this  point.  In  view  of  the  spe- 
cial action  of  quinine  on  nitrogenous  metabolism,  we  have  devoted 
our  attention  mainly  to  a  study  of  the  influence  •  of  cinchonidine  on 
the  excretion  of  urea,  uric  acid,  phosphoric  acid  and  chlorine.  The 
experiments  were  conducted  wholly  on  the  person  of  one  of  us  (HL 
H.  W.)  under  uniform  conditions  of  diet,  exercise,  etc.  The  diet, 
weighed  out  accurately  each  day,  was  composed  of 

255  grams  meat  (beef). 
255  grams  wheat  bread. 
149  grams  potatoes. 

50  grams  oat  meal. 

35  g^ms  butter. 

21  grams  sugar. 
5*70  grams  milk. 
350  grams  water.  ' 

This  diet,  divided  into  three  definite  portions  each  day,  was  taken 
for  some  time  previous  to  the  experiments,  so  that  the  system  might 
become  accustomed  to  it  and  the  metabolism  of  the  body  brought  to 
a  constant  point.  The  body  weight  was  determined  each  morning ; 
the  urine  collected  from  nine  a.  m.  of  one  day  to  nine  a.  m.  of  the 
next,  making  the  24  hours'  urine,  the  analysis  being  made  the  same 

*  H.  C.  Wood,  Therapeutics,  p.  81. 
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day.  Urea  was  determined  by  Pflftger's  ♦  modification  of  Liebig's 
method,  chlorine  being  removed  by  a  standard  solution  of  silver 
nitrate.  Chlorine  was  determined  by  evaporating  10  c.  c.  of  the 
arine  with  a  weighed  amount  of  potassinm  nitrate  in  a  platinum  cru- 
cible, igniting  until  the  organic  matter  was  completely  removed,  dis- 
solving in  water,  acidifying  with  nitric  acid,  neutralizing  with  cal- 
cium carbonate  and  then  titrating  with  silver  nitrate  solution.  Uric 
acid  was  determined  by  Heintz's  method  as  modified  by  Zablinsf  and 
phosphoric  acid  with  a  standard  solution  of  uranium  nitrate.|  The 
amoont  of  solid  matter  was  calculated  by  the  use  of  Christison's 
formula. 

After  taking  the  above  diet  for  some  time,  the  urine  was  analyzed 
for  seven  consecutive  days  prior  to  the  exhibition  of  cinchonidine. 
The  results,  seen  in  Table  No.  I,  show  a  very  close  agreement  in  the 
daily  excretions. 

On  the  11th  of  May  the  first  dose  of  cinchonidine  sulphate  was 
taken.  The  alkaloid  salt  was  a  finely  crystallized  preparation  ob- 
tained from  Powers  and  Weightman.  The  daily  dose  was  usually 
divided  into  three  portions  and  taken  in  tiny  gelatine  capsules,  about 
five  hoars  apart.  In  view  of  the  fact  that  cinchonidine  is  a  weaker 
alkaloid  than  quinine,  it  was  not  deemed  necessary  to  try  the  influ- 
ence of  very  small  doses ;  on  the  first  day,  therefore,  1 5  grains  of  the 
salt  were  taken ;  on  the  second  day  21*8  grains;  on  the  third  day 
35*1  grains ;  and  on  the  fourth  50  grains,  making  a  total  of  121*0 
grains  of  cinchonidine  sulphate  in  four  consecutive  days.§  The  re- 
sults of  the  analyses  of  the  four  days'  urine,  as  well  as  those  of  the 
three  following  days,  on  which  no  cinchonidine  was  taken,  are  shown 
in  Table  No.  IL 

Comparing  these  results  with  those  in  Table  No.  I,  and  in  Table 
No.  m,  it  is  seen  that  cinchonidine  exercises  a  very  decided  influ- 
ence OD  the  nitrogenous  metabolism  of  the  body.  Urea  is  at  once 
affected :  its  excretion  on  the  first  day  even,  is  diminished  6  per  cent., 
while  on  the  second  day  it  is  diminished  10  per  cent.,  and  on  the  fourth 
^y  when  the  largest  dose  of  cinchonidine  was  taken,  the  excretion 
of  area  was  1 6  per  cent,  less  than  in  the  normal  urine.     The  influence 

•Pfluger's  Archiv,  vol.  xxi,  p.  248. 

t  Die  Lehre  Yom  Ham,  Salkowski  and  Leube,  p.  94-95. 

t  Die  Lehre  yom  Harn,  p.  1 84. 

§  While  taking  the  larger  doses  of  cinchonidine,  an  intense  ringing  in  the  ears  was 
^porarfly  experienced  (cinohonism)  together  with  partial  deafness  and  slight 
^^iiiioess.    On  one  or  two  occasions  a  slight  nausea  was  felt 
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of  cinchonidine  on  the  elimination  of  urea  continues  to  be  felt 
after  discontinuing  the  use  of  the  alkaloid ;  thus  even  three  days 
after  the  last  dose  of  cinchonidine,  the  elimination  of  urea  is  6 
per  cent,  less  than  in  the  normal  urine.  On  the  fourth  day  it 
is  nearly  back  to  the  normal  amount  [see  Table  No.  III.],  and  on 
the  fifth  and  sixth  days  the  excretion  of  urea  rises  somewhat  above 
the  average.  Uric  acid  does  not  appear  to  be  correspondingly 
affected.  It  is  only  under  the  influence  of  the  largest  doses,  or 
rather  under  the  long  continued  action  of  the  alkaloid  that  the  ei- 
cretion  of  uric  acid  is  diminished ;  thus  on  May  14th,  when  the  iiaal 
dose  of  60  grains  of  cinchonidine  sulphate  was  taken,  the  excretion 
of  uric  acid  was  for  the  first  time  diminished ;  its  diminution,  how- 
ever, was  very  perceptible  and  it  continued  for  the  two  succeeding 
days,  after  withdrawal  of  the  alkaloid  salt.  Phosphoric  acid  was 
greatly  diminished  in  amount  under  the  influence  of  cinchonidine; 
the  diminution  commencing  to  show,  as  in  the  case  of  urea,  with  the 
first  dose  of  the  alkaloid  salt,  then  gradually  increasing  in  amount 
with  increase  in  the  dose  of  cinchonidine  until  maximum  dimination 
was  reached  on  the  day  after  the  final  dose  of  the  alkaloid.  The 
alkaloid  salt,  moreover,  appears  to  have  had  a  slight  diuretic  action. 

On  the  21st  of  May,  cinchonidine  sulphate  was  again  taken,  the 
results  of  the  analyses  of  the  19th  and  20th  showing  that  the  urine 
had  returned  to  its  normal  composition.  Accordingly,  95*8  grains  of 
the  salt  were  taken  on  the  2l8t  and  22d,  producing  the  same  results 
(Table  No.  III.)  as  noticed  in  the  first  series,  viz :  diminution  in  the 
amount  of  urea  and  uric  acid  excreted,  a  like  diminution  in  the  amount 
of  phosphoric  acid  and  an  increase  in  the  total  amount  of  fluid. 

Table  No.  IV.  shows  the  average  results  under  the  different  condi- 
tions of  the  experiments. 

It  is  evident  then,  that  cinchonidine  has  the  power  of  lessening  very 
materially  the  elimination  of  nitrogen,  i.  e.  the  consumption  of  tissue. 

Ranke*  first  pointed  out  the  retarding  influence  of  quinine  on  the 
elimination  of  uric  acid.  Zuntz  found  by  experiment  upon  himself 
that  25  grains  of  quinine  reduced  his  elimination  of  urea  nearly  40 
per  cent.  A  like  diminution  in  the  excretion  of  urea,  under  the  in- 
fluence of  quinine,  was  noticed  by  Rabuteau  in  experimentB  upon 
dogs  and  also  by  Hermann  von  BoecLf  The  most  interesting  ex- 
periments, however,  with  quinine  are  those  carried  out  by  Dr.  G. 


*  Quoted  from  Dr.  H.  C\  Wood,  Therapeutics,  p.  74, 
f  ZeitBchrift  fiir  Blologie,  vol.  vii,  p.  422. 
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Kerner,*  and  more  recently  by  Dr.  Priorf  and  Dr.  Sassetzky.J  In 
Dr.  Prior's  article  is  to  be  found  a  very  complete  account  of  the  liter- 
ature of  the  subject.  Dr.  Kerner  found  that  taking  0*3  grains  of 
quinine  hydrochloride  per  day  in  divided  doses,  for  3  days,  making 
a  total  of  27*9  grains,  caused  a  diminution  in  the  excretion  of  urea, 
^iiDoanting  on  an  average  for  the  three  days  to  12  per  cent.,  while  the 
excretion  of  uric  acid  under  like  conditions  was  diminished  64  per 
cent.  Phosphoric  acid,  too,  was  diminished  somewhat ;  on  an  aver- 
age about  4  per  cent,  per  day.     Diuretic  action  was  very  slight. 

With  larger  doses  of  quinine;  77*5  grains  of  the  hydrochloride  in 
divided  doses  during  three  days;  diuretic  action  was  quite  pro- 
DoaDced,  tbe  average  increase  in  volume,  amounting  to  200  c.c. 
Moreover,  urea  was  diminished  on  an  average  23  per  cent,  per  day, 
aric  acid  82  per  cent,  and  phosphoric  acid  15  per  cent.  Oppenheim,§ 
however,  by  a  dose  of  30*8  grains  of  quinine  found  an  increase  in  the 
daily  excretion  of  urea  amounting  to  4  grams,  and  he  considers  that 
Kemer's  results  are  due  to  diminution  of  digestive  action.  It  is  cer- 
tain that  both  quinine  and  cinchonidine  do  interfere  with  the  pro- 
teolytic action  of  the  gastric  and  pancreatic  juices,|  but  this  retarding 
action  can  hardly  be  taken  as  explaining  in  full,  the  results  obtained 
by  Kerner  or  those  obtained  by  us  with  cinchonidine. 

Prior,  moreover,  by  very  carefully  conducted  experiments  with 
quinine,  has  completely  corroborated  Kerner's  results  and  has  shown 
iu  addition,  by  a  daily  determination  of  nitrogen  in  the  fseces,  that 
diminution  of  urea  and  uric  acid  is  not  due  to  lack  of  digestive 
action,  as  suggested  by  Oppenheim.  Prior's  results  show  on  an  aver- 
se, without  reference  to  the  size  of  the  dose,  the  following  effects 
of  the  quinine.^ 


QttBtitrof 

orliie. 

Urea. 

Uric 
acid. 

Sodium 
chloride. 

Salpbarlc 

ftCld. 

Phosphoric 

increase 

decrease 

decrease 

decrease 

decrease 

decrease 

10-66  per  cent. 

19-60  jt 

72-29  % 

9-06  jt 

33-70  5^ 

23-38  5^ 

Sassetzky's  results  with  fever  patients,  also  corroborate  Kerner's 
statements. 


•Pfloger's  Archiv,  vol.  iii,  p.  104. 

f  Ueber  den  Binfluss  des  Chiain  auf  den  Stoffwechsel  desjjgesundeu  Orgaiiismus. 
Roger's  Archiv,  vol.  xxxiv,  p.  237. 

t  Ueber  den  Einfluss  fieberhafte  Zustande  und  Antipyretischer  fiebandlung  auf 
<feii  Umsatz  der  stickstoflEhaliigen  Substanzen  und  die  Assimilation  stickstoff-haltiger 
Bestandtiieile  der  Milch.     Virchow's  Archiv,  vol  xciv,  p.  485. 

§  Pfloger's  Archiv,  vol.  xxiii,  p.  476-477. 

I  ChittendeD  and  Allen ;  Chittenden  and  Cummins.     Trans.  Conn.  Acad.,  vol.  vii. 

^  Pfluger's  Archiv,  vol.  xxxiv,  p.  263. 
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V.  Boeck  considers  that  quinine  owes  its  retarding  inflaenoe  on 
proteid  metabolism  to  a  direct  action  of  the  alkaloid  upon  the  cells  and 
their  activity,  although  the  alkaloid  doubtless  does  unite  with  albu- 
min or  alter  its  constitation  so  as  to  render  it  less  readily  decompos- 
able. Metallic  salts,  as  lead  and  mercury,  certainly  form  compounds 
with  albumin  difficultly  decomposable,  as  also  does  arsenic,  and?. 
Boeck  suggests  that  these  metallic  poisons  unite  with  the  proteid 
matter  of  the  various  organs  of  the  body,  while  quinine  unites  sim- 
ply with  the  circulating  albumin,  explaining  in  this  manner  the  ready 
elimination  of  quinine  as  compared  with  the  slow  excretion  of  mer- 
cury or  arsenic,  the  latter  of  which  v.  Boeck*  has  shown  has  little  if 
any  influence  on  proteid  metabolism.  Prior,  moreover,  states  that 
diminution  in  the  urine  of  the  end-products  of  nitrogenous  metabol- 
ism is  due,  not  to  hindering  of  their  excretion,  but  to  actual  hindering 
of  their  formation. 

Comparing  now  Kerner's  results,  with  the  results  obtained  by  us 
with  cinchonidine,  we  see  great  similarity  of  action  but  decided  dif- 
ference in  extent,  particularly  so  far  as  the  excretion  of  uric  acid  is 
concerned.  With  cinchonidine,  the  greatest  average  daily  diminu- 
tion in  uric  acid  amounts  to  but  15  per  cent.,  and  this  after  taking 
about  121  grains  of  the  alkaloid  during  four  consecutive  days.  Se- 
lecting the  lowest  single  result,  that  obtained  on  the  day  60  grains 
of  cinchonidine  were  taken  and  comparing  the  diminution  then,  with 
the  average  normal  excretion,  it  is  seen  to  amount  to  but  26  per 
cent.  In  the  case  of  urea  and  phosphoric  acid,  the  divergence  is  not 
so  great;  thus  for  urea  the  average  daily  diminution  was  11  per  cent 
for  the  three  days  following  the  last  dose  of  cinchonidine,  while  the 
greatest  diminution  noticed  in  any  one  day  was  16  per  cent.;  with 
phosphoric  acid  the  average  diminution  for  the  same  period  amounted 
to  19  percent.,  while  the  greatest  diminution  noticed  any  one  day 
was  38  per  cent.;  a  diminution  which  at  no  time  was  reached  in 
Kerner's  experiments  with  quinine. 

Thus  in  drawing  a  comparison  between  Kerner's  results  with  V7*6 
grains  of  quinine  distributed  through  three  days,  and  our  results  with 
121  grains  of  cinchonidine  extended  over  four  days,  we  see  two  strik- 
ing points  of  difference ;  with  quinine  there  is  a  diminution  in  the 
amount  of  uric  acid  excreted  of  82  per  cent.,  with  cinchonidine  an 
average  diminution  of  but  16  per  cent. ;  with  quinine  there  is  a  dimin- 
ution of  phosphoric  acid  amounting  to  15  per  cent.,  with  cinchoni- 
dine, on  the  other  hand,  a  diminution  of  10  per  cent.     Hence  it  b  to 


*  ijeitschrift  flir  Biolo^ie,  vol.  vii,  p.  430, 
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be  seen  that  oinchonidine  has  a  far  less  pronounced  specific  action  on 
the  excretion  of  nric  acid  than  quinine,  while  on  the  other  hand, 
dimiDution  of  phosphoric  acid  is  much  more  pronounced  with  oincho- 
nidine than  with  quinine.  In  Prior's  experiments,  however,  with  qui- 
nine, diminution  of  phosphoric  acid  is  more  pronounced. 

Is  this  diminution  in  the  excretion  of  phosphoric  acid  under  the 
influence  of  oinchonidine  to  be  attributed  simply  to  decrease  of  pro- 
teid  metabolism,  or  is  it  in  part  due  to  a  special  action  of  cinchoni- 
dioe  on  the  metabolism  of  some  phosphorized  principles,  presumably 
those  of  nerve  tissue  ?  If  due  to  general  decrease  of  proteid  meta- 
bolisiii,  we  might  expect  to  find  that  the  addition  of  any  non-nitro- 
genous principle  to  our  fixed  diet,  whereby  the  decomposition  of 
albaminous  matter  would  be  diminished,  would  cause  a  corresponding 
decrease  in  the  excretion  of  phosphoric  acid,  or  in  other  words  that 
diminution  of  urea  and  phosphoric  acid  excreted,  would  be  in  the 
8tme  ratio  as  noticed  under  the  influence  of  oinchonidine. 

This  question  we  have  endeavored  to  answer  by  a  study  of  the 
inflnence  of  pure  glucose  on  the  elimination  of  urea,  uric  acid,  and 
phosphoric  acid,  under  the  same  conditions  of  diet  etc.,  as  observed 
in  the  experiments  with  oinchonidine. 

The  influence  of  carbohydrate  food  on  proteid  metabolism  has  been 
illnstrated  in  many  ways  by  various  investigators,  but  so  far  as  we 
know,  no  experiments  with  pure  glucose  have  ever  been  tried. 
Through  the  courtesy  of  Dr.  Arno  Behr,  of  Chicago,  we  have  been 
supplied  with  an  abundance  of  chemically  pure  anhydrous  glucose, 
which  we  have  used  in  the  following  experiment.  Before  taking  the 
sogar,  the  urine  was  analyzed  for  ten  consecutive  days,  to  insure  an 
accnrate  average  of  the  normal  excretion  under  the  conditions  of  the 
experiment.     The  results  are  shown  in  Table  No.  V. 

200  grams  of  glucose  were  then  taken  daily  in  addition  to  the 
fixed  diet,  for  nine  consecutive  days.  The  effect  on  the  excretion  of 
nrea,  etc,  is  shown  in  Table  No.  VL  At  no  time  was  sugar  to  be 
detected  in  the  urine  by  Trommer's  test.  A  comparison  of  the  two 
tables  shows  the  usual  effects  of  carbohydrate  matter  on  the  excre- 
tion of  nitrogen,  viz  :  a  diminution  in  the  amount  of  both  urea  and 
uric  acid.  The  volume  of  the  fluid  excreted,  appears  to  be  consider- 
ably lessened  by  taking  the  glucose.  The  excretion  of  phosphoric 
^d  is  likewise  diminished. 
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These  points  of  difference  are  all  shown  more  clearly  in  the  follow- 
ing table  of  averages  : 

Average  of 
Normal  Urine  tinder  the 

arine.  Influence  of  glacose. 

Total  quantity  urino 1030  c.  c.  938  c  c. 

Sp.gr 1027-9  1028 

Total  solid  matters 68*97  grams.  6362  grams. 

Chlorine 678  6-31 

Total  PjOfi 300  2-76 

Uricacid 0*88  072 

Urea 45-47  40*94 

Coming  now  to  the  point  at  issue,  viz  :  the  relation  between  the 
amounts  of  urea  and  phosphoric  acid  excreted,  we  find  that  under 
the  influence  of  glucose  the  average  diminution  of  urea  amounts  to 
10  per  cent.,  while  the  average  diminution  of  phosphoric  acid  under 
the  same  conditions  is  8*34  per  cent. 

With  cinchonidine,  on  the  other  hand,  the  average  diminution  of 
urea  amounts  to  but  8*8  per  cent.,  while  the  average  diminution  ot 
phosphoric  acid  under  like  conditions  is  11*9  per  cent.  Or,  if  we 
take  the  average  of  the  three  days  following  the  last  dose  of  cincbo- 
nidine,  when  both  urea  and  phosphoric  acid  reach  their  maximum 
diminution,  and  compare  these  results  with  the  average  of  the  nor- 
mal excretion  we  see  that  while  the  diminution  of  urea  amounts  to 
10-4  percent.,  the  average  diminution  of  phosphoric  acid  i^  raised 
to  18*97  per  cent.  Consequently,  it  would  appear  that  while  txincbo- 
nidine  lowers  the  rate  of  decomposition  of  proteid  matter  in  the 
body,  it  also  has  an  effect  upon  the  decomposition  of  some  phospho- 
rized  principles,  that  being  the  only  plausible  explanation  of  the 
increased  diminution  of  phosphoric  acid  noticed  under  the  influence 
of  the  cinchonidine  salt. 


XIII. — ^The  Post-mobtbm  Formation  of  Sugar  in  the  Liver, 

IN  THE   PRESENCE   OF   PePTONES.       By   R.    H.     ChITTENDEN   AND 

Alexander  Lambbrt,  B.A.,  Ph.B. 

Claude  Bebnard's  discovery  in  1848,  that  the  liver  contains 
sugar,  hoth  before  and  after  death,  led  at  once  to  the  inquiry  as  to 
the  scarce  of  the  sugar.  This  was  apparently  answered  by  Bernard's 
later  discovery  of  glycogen,  an  amylaceous  body  readily  convertible 
ioto  sugar  by  acids  and  various  ferments.  Thus,  Bernard's  theory 
that  the  liver  sugar  resulted  exclusively  from  glycogen  has  long  been 
an  accepted  fact.  In  1880,  however,  Seegen  and  Kratschmer  in  the 
first  of  a  series  of  investigations,*  state  that  the  sugar  formed  in  the 
liver  does  not  have  its  origin,  as  supposed  by  Bernard,  wholly  in  gly- 
cogen but  that  it  is  undoubtedly  formed  in  part  from  other  material. 
In  a  later  communicationf  the  same  investigators  show,  in  corrobora- 
tion of  their  previous  statement,  1.  that  the  amount  of  sugar  in  the 
liver  is  increased  very  rapidly  after  death,  in  one  case  nearly  50  per 
cent  of  the  entire  amount  being  formed  within  10  minutes,  while  the 
whole  process  comes  to  an  end  inside  of  24  hours ;  2.  that  the  glyco- 
gen formed  in  the  liver  is  much  more  resistant  to  ferment  action  than 
has  hitherto  been  supposed  and  that  consequently  the  post-mortem 
formation  of  sugar  by  the  action  of  a  ferment  upon  glycogen  could 
not  take  place  so  rapidly  as  the  above.  Moreover,  direct  experi- 
ments with  dogs  and  with  rabbits  showed  that  in  the  first  few  hours 
after  death,  there  was  but  little  if  any  diminution  in  the  amount 
of. glycogen.  Hence,  Seegen  and  Kratschmer  claim  that  the  amount 
of  glycogen  remaining  essentially  the  same,  while  the  amount  of 
sugar  is  gi-eatly  increased,  tends  to  show  conclusively  that  the 
liver  sugar  must  be  formed  from  some  other  material  than  glycogen 
snd  they  venture  the  opinion  that  this  source,  whatever  it  may  be, 
famishes  all  of  the  liver  sugar. 

Boehra  and  Hoffinann,J  however,  take  exception  to  the  views  of 
Seegen  and  Kratschmer,  claiming  possible  analytical  inaccuracies 
from  the  methods  of  procedure.     They  show,  moreover,  by  experi- 


*  Ueber  Zackerbildang  in  der  Leber.     Pflflger's  Archiv,  vol.  ixii,  p.  236. 
t  Pfluger'B  Archiv,  vol.  xxiv,  p.  467. 

{  Ueber  die  postmortale  Zuckerbildung  in  der  Leber.     Pfluger's  Archiv,  vol  xxiii, 
p.  205. 


1 80  Chittenden  and  Lambert — Post-mortem  Formation 

ments  on  cats  and  dogs,  that  afler  death,  contrary  to  the  state- 
ments of  Seegen,  increased  formation  of  sugar  is  attended  with  a  cor- 
responding decrease  of  glycogen,  at  least  within  such  limits  as  are 
incident  to  the  errors  of  experiment ;  further  that  in  the  case  of  a 
cat's  liver  32  per  cent,  of  the  liver  glycogen  disappeared  in  24  hours 
after  death,  thus  indicating  less  resistance  to  the  action  of  ferments 
than  would  be  implied  by  Seegen's  and  Rratschmer's  results. 

In  a  later  investigation,*  Seegen  shows  that  pieces  of  finely  divided 
liver,  kept  in  contact  for  an  hour  or  longer  with  a  solution  of  pep- 
tone yield  a  larger  amount  of  sugar  and  even  of  total  carbohydrates, 
than  equal  weights  of  the  same  liver  under  like  conditions  of  treat- 
ment, without  peptones.  These  results  were  obtained  with  the 
livers  of  calves,  rabbits  and  dogs.  Seegen,  therefore,  concludes 
that  the  liver  is  capable  of  forming  from  peptones,  sugar  and  carbo- 
hydrates which  are  convertible  into  sugar. 

A  study  of  the  analytical  data  plainly  shows  that  the  increase  in 
sugar  and  total  carbohydrates  in  the  presence  of  peptone,  although 
pronounced,  is  not  great.  The  following  experimentf  with  a  calfs 
liver  obtained  from  the  market  shows  the  most  marked  increase. 


Time  of  the 

With 

peptone. 

Without  peptone. 

'~ 

Total 

ToUl 

No. 

experiment. 

Sugar. 

carbohydrates. 

Sugar.            carbohydM 

I. 

30  minutes 

3-84  «g 

9-62  Jt 

3  40jr                  8-8  Jj 

II. 

48  hours 

3-66 

8-92 

3-70                     8-6 

m. 

96       " 

2-66 

8-00 

2-82                     7-8 

Here  the  increase  in  total  carbohydrates  is  seen  to  be  only  0*72  per 
cent,  and  of  sugar  only  0*44  per  cent,  after  30  minutes.  In  Nos.  II 
and  III,  longer  standing  in  contact  with  the  peptone  tends  to  reduce 
the  amount  of  sugar  and  to  diminish  the  increase  of  total  carbohy- 
drates. This  is  attended  with  increase  of  acidity  and  Seegen  con- 
siders that  a  portion  of  the  sugar  is  decomposed  in  this  long  contact 
with  peptone  with  formation  of  acid. 

In  a  still  later  communication,^  Seegen  reports  the  results  of  other 
experiments  tending  to  confirm  his  theory  of  the  formation  of  carbo- 
hydrate matter  from  peptones  in  the  liver.  Thu&,  by  feeding  peptones 
to  dogs,  Seegen  found  that  the  content  of  sugar  in  the  livers  of 
eight  dogs  was  considerably  greater  that  in  the  normal  liver,  taking 
for   the  latter   value  the   average  of  a   number  of  determinations. 


♦  Die  EinwirkuDg  der  Leber  auf  PeptoD.     Pfliiger's  Archiv,  vol.  xxv,  p.  165. 
f  Pfluger's  Archiv,  vol.  xxv,  p.  171. 

X  Pepton  als   Material   fiir  Zuckerbildung  in  der  Leber.     Pfliiger's  Archiv.  vol. 
xxviii,  p.  99. 
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Likewise,  by  the  injection  of  peptone  solutions  directly  into  the 
portal  circulation  of  dogs,  Seegen  found  the  amount  of  sugar  in 
the  liver  increased  two  and  even  nearly  three  time&  above  the 
normal  amount.  Lastly,  by  warming  portions  of  freshly  excised 
liver  at  40°  C,  with  a  solution  of  peptone  in  water  and  some  fresh, 
defibrinated  blood,  through  which  a  constant  current  of  air  was  made 
to  pass,  the  amount  of  both  sugar  and  total  carbohydrates  was  con- 
siderably greater  than  under  like  conditions,  but  without  peptones. 
The  following  experiment*  taken  from  Seegen's  account,  illustrates 
the  average  increase  of  carbohydrates  under  this  method  of  treatment. 
Two  portions  of  a  dog's  liver  taken  15  minutes  after  death,  were 
mixed  with  60  c.  c.  of  water  and  60  c.  c.  of  defibrinated  blood.  To 
one  portion  5  grams  of- peptone  were  added  and  air  passed  through 
the  mixture  for  6  hours.     Following  are  the  results  obtained  in  both: 


Wt.  of  portion 
of  IWcr. 

Liver 

Total 

Method  of  treatment. 

sugar. 

carbohjdrates. 

Glycogen 

40  grams. 

without  peptone  and  blood, 

304  jr 

6-9  Jt 

2-12% 

40      *' 

with  peptone  and  blood, 

3-87 

8-4 

202 

Other  experiments  indicated  that  peptones  themselves  are  without 
diastatic  action  and  that  the  blood  and  air  (to  form  oxyhaemoglobin) 
are  by  themselves  without  influence  on  the  liver.  Hence  Seegen 
concludes  that  the  liver  cells,  retained  in  a  living  condition  by  the 
action  of  blood  rendered  arterial  by  a  current  of  air,  are  capable  of 
forming  from  peptone  more  or  less  sugar ;  thus  establishing,  if  true, 
that  the  animal  organism  is  able  to  form  carbohydrates  from  albu- 
minous material. 

This  is  certainly  a  very  important  question,  for  if  Seegen's  views 
are  correct  they  overthrow  the  long  accepted  belief  in  the  origin  of 
liver  sugar  in  the  hepatic  glycogen.  It  is  true  that  Bernard  himself, 
before  his  discovery  of  glycogen,  thought  that  the  liver  sugar  origi- 
nated in  albumin  and  there  have  always  been,  up  to  the  present  time, 
difficulties  in  explaining  the  origin  of  liver  carbohydrates  on  the 
dehydration  theory  alone.  As  is  well  known,  a  certain  amount  of 
glycogen  is  formed  during  a  purely  animal  diet  and  in  chronic  cases 
ol  Diabetes  the  excretion  of  sugar  is  continued  even  on  a  pure  albu- 
minious  diet.  Moreover,  the  suggestion  has  been  before  made  that 
peptones  in  their  passage  through  the  liver  undergo  change.  Thus 
Plosz  and  Gyergyaif  noticed  that  while  considerable  peptone  was  to 
he  found  in  the  blood  of  the  mesenteric  veins  and  more  or  less  in 


•  Pflfiger's  Archiv,  vol.  xxviii,  p.  123. 

t  Ueber  Peptone  und  Emahning  mit  denselben.     Pfliiger's  Archiv,  vol  i,  p.  536. 
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the  liver,  otily  the  merest  trace  was  to  be  found  in  the  blood  of  the 
hepatic  vein,  indicating  thereby  a  decomposition  of  peptone  in  it« 
passage  through  the  liver. 

Maydl'*'  claims  that  since  the  products  of  the  decomposition  of  all 
forms  of  glycogen  are  the  same,  it  follows  that  the  glycogens  them- 
selves are  all  identical,  and  since  it  is  extremely  improbable  that  the 
various  carbohydrates  with  their  different  chemical  constitutions 
should  give  one  glycogen,  he  argues  that  it  all  must  come  from 
one  source,  viz  :  albumin. 

This  is  not  the  place,  however,  to  discuss  the  relative  merits  of 
the  dehydration  and  storage  theories,  it  is  enough  simply  to  under- 
stand ihat  the  possible  origin  of  liver  sugar  in  proteid  matter  is  cue 
which  would  make  clear  many  hitherto  unexplained  points.  The 
great  obstacle,  has  been  to  understand  where  and  in  what  manner 
the  liver  sugar  could  be  so  formed.  Seegen's  views  therefore  are  of 
great  importance,  and  are,  moreover,  in  no  sense,  wholly  inconsistent 
with  previous  ideas,  but  the  question  at  once  suggests  itself  whether 
the  analytical  data  on  which  they  are  founded  are  sufficient  to  war- 
rant their  adoption. 

The  determination  of  sugar  in  organic  fluids  is  not  without  diffi- 
culty, and  where  slight  variations  in  results  may  cause  differences  of 
half  a  per  cent,  or  more,  it  becomes  an  extremely  delicate  matter  to 
determine  how  far  such  results  shall  be  trusted.  Consequently,  what- 
ever may  be  said  as  to  whether  the  formation  of  sugar  in  the  manner 
indicated  by  Seegen  is  a  natural  or  an  artificial  process,  we  need  first 
of  all  to  know  positively  whether  the  liver  under  any  circumstances 
is  able  to  form  sugar  or  other  carbohydrate  matter  from  peptones. 
This  all  hinges  on  the  accuracy  of  Seegen's  results,  obtained  by  warm- 
ing portions  of  liver  with  peptones.  If  an  increase  of  sugar  and  total 
carbohydrates  is  found  in  the  presence  of  peptone,  then  we  must  con- 
clude that  the  latter  has  at  least  some  influence  on  the  formation  ol 
the  liver  sugar.  Recent  experimentsf  have  plainly  shown  that  neutral 
peptone  has  a  stimulating  influence  on  the  amylolytic  action  of 
ptyalin  of  saliva  and  diastase  of  malt ;  both  of  these  ferments  convert 
more  starch  into  sugar  in  the  presence  of  peptone  than  without  and  it 
is  natural  to  suppose  that  the  presence  of  peptone  would  similarly 
affect  the  amylolytic  ferment  which  presumably  acts  upon  glycogen. 
Seegen's  results,  however,  appear  to  show  that  while  sugar  is  increased 


*  ZeiUohrift  fiir  physiol.  Chom.,   vol.  iii,  p.   196.     TTeber  die  Abatammung  <le« 
Glykogens. 

f  Traus.  Conn.  Acad,,  vol.  vi,  p.  343,  vol.  vii,  p.  44. 
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in  the  presence  of  peptone,  glycogen  remains  nearly  stationary,  or  if 
diminished,  not  at  all  in  proportion  to  the  increase  in  dugar.  Boehm 
and  Hofimann,  however,  found  the  liver  glycogen  much  less  resistant 
aod  that  its  decrease  was  in  proportion  to  the  increase  in  sugar. 
Delprat,*  too,  came  to  similar  conclusions  and  could  obtain  no  proof 
whatever,  of  the  correctness  of  the  views  advanced  by  Seegen  and 
Kratschmer.  We  have,  therefore,  in  view  of  the  importance  of  the 
subject,  undertaken  a  study  of  the  question  in  the  hopes  of  throwing 
some  additional  light  upon  the  matter.  In  this,  however,  we  have 
limited  ourselves  entirely  to  a  study  of  the  post-mortem  formation  of 
sugar  and  carbohydrates  by  the  liver  in  the  presence  of  peptones. 

Methods  employed. 

The  animals  experimented  with,  mainly  rabbits,  were  killed  by 
severing  the  jugular  vein,  the  blood  being  collected^and  defibrin- 
ated.  The  liver  was  quickly  taken  out,  the  gall  bladder  removed 
and  the  liver  then  converted  into  a  fine  pulp  by  chopping,  since  it  is 
probable,  as  v.  Wittich  has  suggested,  that  glycogen  is  unequally 
distributed  through  the  liver.  Two  equal  portions  of  the  sampled 
and  finely  divided  liver  were  accurately  weighed  out  and  placed  in 
separate  flasks  ;  one,  with  a  solution  of  peptone  and  a  known  volume 
of  blood,  the  other  with  an  amount  of  distilled  water  equal  in  vol- 
ume to  that  of  the  two  former.  Both  were  then  placed  in  a  bath 
and  warmed  at  38-40"  C.  for  the  time  of  the  experiment.  A  con- 
tinuous current  of  air  was  made  to  pass  through  the  blood  solution 
in  order  to  render  it  arterial.  At  the  end  of  the  experiment,  the 
mixtures  were  poured  into  boiling  water  and  extracted  as  long  as  a 
trace  of  glycogen  could  be  detected  in  the  flufds,  by  the  iodine  test. 
This  usually  took  about  two  days,  working  on  an  average  with  40 
grams  of  liver.  At  the  beginning  of  the  extraction,  the  tissue  was 
generally  boiled  with  400-500  c.  c.  of  water  for  about  fifteen  minutes 
and  then  filtered  through  a  funnel  plugged  with  absorbent  cotton. 
By  repeating  this  operation  four  or  five  times,  the  greater  portion  of 
glycogen  could  be  removed,  but  a  complete  extraction  could  be  ob- 
tained only  by  long  continued  boiling  with  fresh  quantities  of  water 
or  long  heating  on  the  water-bath,  the  tissue  being  ground  up  occa- 
sionally in  a  suitable  mortar.  The  various  filtrates  were  evaporated 
on  a  water-bath •  and  finally  united  and  made  up  exactly  to  500  c.  c, 
after  which  the  extracts  were  filtered  through  dry  paper  filters  to 

*  Jahresbericht  fur  Thierchemie,  1881,  p.  321. 
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remove  any  traces  of  suspended  matter  which  might  have  passed  the 
cotton.  Of  these  fluids,  200  c.  c.  of  each  were  used  for  the  deter- 
mination of  glycogen  and  sugar,  and  200  o.  c.  also,  for  the  determi- 
nation of  total  carbohydrates. 

Determination  of  glycogen  and  sugar,— The  200  c.  c.  of  fluid  for 
the  determination  of  glycogen  and  sugar  were  evaporated  to  a  small 
bulk  and  then,  when  cool,  precipitated  by  a  large  volume  of  alcohol. 
After  standing  24  hours  the  clear  supernatant  fluid  was  filtered  from 
the  precipitated  glycogen  and  peptones.  The  alcoholic  filtrate  and 
washings,  containing  the  sugar,  were  then  evaporated,  the  residue 
dissolved  in  water  and  made  up  to  100  c.  c,  in  an  aliquot  portion 
of  which  the  sugar  was  determined  gravimetrically,  by  AllihnV 
improved  method. 

The  precipitate  of  glycogen,  with  its  frequent  admixture  of  pep- 
tone, was  dissolved  in  water,  the  solution  made  up  to  200  c.  c.  and 
then  sufficient  10  per  cent,  hydrochloric  acid  added  to  make  the 
solution  contain  2  per  cent.  HCl.  The  mixture  was  then  heatt»d  in  a 
closed  flask  at  100°  C.  for  17  hours  in  order  to  convert  the  glycogen 
into  dextrose,  after  which  the  solution  was  neutralized,  concentrated 
somewhat,  again  made  up  to  200  c.  c.  and  in  an  aliquot  portion  of 
this  fluid,  dextrose  was  determined  by  Allihn's  method,  from  which 
was  calculated  the  amount  and  percentage  of  glycogen.  Delpraif 
states  that  in  attempting  to  determine  glycogen  by  Brttcke's  method 
he  found  the  results  considerably  higher  than  when  the  isolated  gly- 
cogen was  converted  into  sugar  by  boiling  with  acid  and  the  glyco- 
gen calculated  from  the  data  obtained.  In  our  own  experiments,  the 
frequent  presence  of  peptone  prevented  entirely  the  use  of  Brockets 
method.  12  hours  heating  at  100°  C,  however,  with  2  per  cent 
hydrochloric  acid  was  found  in  our  case  insufficient  to  completely 
convert  the  glycogen  into  dextrose,  while  17  hours  was  found  amply 
sufficient  for  complete  conversion  and  at  the  same  time  allowed  no 
decomposition  of  the  sugar  formed.  This  is  well  illustrated  by  the 
following  experiments : 

A.  07 665  gram  pure,  dried  glycogen  dissolved  in  100  c.  c.  of 
water,  was  heated  at  100^  C.  for  12  hours  with  sufficient  hydrochloric 
acid  to  make  the  entire  fluid  contain  exactly  2  per  cent.  The  solution 
was  neutralized,  kare  being  taken  that  the  reaction  did  not  become 
alkaline,  then  concentrated  and  finally  made  up  to  60  c.  c. 

14  c.  c.  gave  0*4215  gram  Cu=0'2261  gram  dextro8e=0*2025  gram  glycogen. 
14    "        '•     0-4233      "     Cu=0'2263      '*  "       =02036  " 


♦  Zeitschrift  fur  analytische  Chemie,  xxii,  p.  448. 
f  Jahresbericht  fiir  Tbierchemie,  1881,  p.  322. 
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The  14  c.  c.  should  have  contained  0*2414  gram  dextrose,  the  equiv- 
alent of  0*2146  gram  of  glycogen. 

B.  0*6190  gram  glycogen  dissolved  in  100  c  c.  of  water  was  heated 
at  100**  C.  for  17  hours  in  the  presence  of  2  per  cent,  of  hydrochloric 
acid.  Solution  was  then  neutralized,  evaporated  a)id  made  up  to  50  c.c 

18  c. a  gave  0*4585  g^am  Ou=i0'2470  gram  deztrofleaBO'2223  gram  glycogen. 
18    '*       "      0-4555     »»      Cu=0-2454  "  =0-2208  " 

The  18  c.  c.  should  have  contained  0*2475  gram  dextrose,  equal  to 
0*2228  gram  of  glycogen.  Hence,  it  is  seen  that  17  hours  heating  at 
100°  C.  is  needed  for  a  complete  conversion  of  glycogen  into  dextrose, 
which  was  the  time  invariably  employed  in  the  after  experiments. 

Influence  of  peptone  on  the  conversion  of  glycogen  into  sugar  by  2 
percent.  BCl  at  100**  C— The  question  naturally  suggested  itself  in 
this  connection  whether  the  presence  of  peptone  would  interfere  in 
any  way  with  the  complete  conversion  of  glycogen  into  dextrose  or 
whether  the  peptones  by  this  long  heating  at  100*  C.  with  the  acid, 
would  undergo  any  change  by  which  reducing  bodies  might  be 
formed  and  thuR  endanger  the  accuracy  of  the  results.  The  latter 
point  was  tested  by  heating  2  grams  of  peptones  in  100  c.  c.  of  water 
containing  2  per  cent,  of  hydrochloric  acid  for  17  hours  at  100°  C, 
at  the  end  of  which  time  no  reduction  at  all  could  be  obtained  with 
Fehling's  solution. 

The  6r8t  point  was  tested  by  the  following  experiment: 

0*0290  gram  of  pure  glycogen  was  dissolved  in  1 00  c.  c.  of  water, 
then  2  grams  of  peptone  were  added  and  sufficient  acid  for  the  solu- 
tion to  contain  exactly  2  per  cent.  HCl,  after  which  the  mixture  was 
heated  at  TOO*'  C.  for  17  hours.  The  solution  was  then  neutralized, 
bronght  to  a  volume  of  100  c.  c.  and  the  sugar  determined. 

10  c.  a  gave  0*1985  gram  Ca=01017  gram  dextrose =0*09 15  gram  glycogen. 
10    **       •*     0-2025      •'     Cu=0i039  *»  =00934  " 

whereas  in  the  10  c.  c.  then  should  be  present,  according  to  calcu- 
lation 0*1032  gram  dextrose,  the  equivalent  of  0*0929  gram  of 
glycogen.  Consequently  the  presence  of  peptone  does  not  interfere 
with  the  accurate  determination  of  glycogen  by  this  method. 

Influence  of  the  presence  of  peptone  on  the  determination  of  s^igar 
by  AUihyi*s  method, — Seegen*  finds  that  the  volumetric  determina- 
tion of  sugar  with  Fehling's  solution  is  not  materially  afiected  by 
the  presence  of  peptone.  By  repeated  experiments  we  have  con- 
vinced ourselves,  that  in  the  use  of  the  gravimetric  method,   the 


♦  Pfluger'e  Archiv,  vol.  xrviii,  p.  116. 
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presence  of  peptone  may,  unless  certain  precautions  are  taken,  inter- 
fere slightly  with  exact  determinations.  With  the  Allihn  method, 
variations  of  2-6  milligrams  in  the  amount  of  reduced  copper  are 
liable  to  occur  if  care  is  not  taken  in  regulating  the  length  of  time 
the  alkaline  copper  solution  is  heated  after  addition  of  the  sugar 
solution.  Under  ordinary  circumstances  results  most  nearly  in  ac- 
cord with  theory  are  obtained  by  adding  the  sugar  solution,  as  recom- 
mended by  Allihn,  to  the  previously  heated  Fehling's  solution  and 
then  heating  further  until  bubbles  just  begin  to  bfeak  upon  the 
surface  of  the  liquid.  If  heated  longer,  even  only  half  a  minute,  a 
slight  increase  in  the  amount  of  reduced  copper  will  generally  be 
observed.  Now  whenever  peptone  is  present  to  any  extent  in  the 
sugar  solution,  we  have  found  by  experience  that  complete  reduc- 
tion does  not  take  place  quite  so  rapidly  ;  the  loss  is  not  great,  some- 
times but  a  milligram  or  so,  still  the  difference  is  appreciable.  This, 
however,  can  be  avoided  by  simply  allowing  the  standard  copper 
solution  to  boil  for  about  45  seconds  after  the  addition  of  the  sugar 
solution.  Under  such  conditions,  repeated  tnals  have  shown  us,  that 
the  presence  of  peptone  does  not  offer  the  slightest  obstacle  to  accu- 
rate determinations  of  dextrose.  Whenever,  therefore,  in  the  follow- 
ing experiments  the  solution  to  be  tested  contained  peptone,  the 
above  rule  has  been  invariably  followed. 

Determination  of  total  carbohydrates, — For  this  purpose  200  c.  c.  of 
the  liver  extract  were  heated  in  a  closed  flask  at  100**  C.  with  sofficieDt 
10  per  cent,  hydrochloric  acid  to  ensure  a  content  of  2  per  cent  HCl, 
for  17  hours.  The  solution  was  then  nearly  neutralized,  care  being 
taken  that  the  fluid  did  not  become  alkaline,  concentrated  and 
finally  brought  to  a  volume  of  200  c.  c,  in  an  aliquot  portion  of 
which  the  total  carbohydrates  in  the  form  of  dextrose  were  deter- 
mined in  the  usual  manner.  Seegen*  states  that  in  the  determination 
of  total  carbohydrates,  the  fluid,  after  heating  with  acid,  always 
became  very  dark,  which  occasionally  interfered  somewhat  with  the 
determination  of  sugar.  Delprat,t  however,  states  that  in  bis 
experiments  the  solution,  under  like  conditions,  became  brownish 
yellow  and  generally  deposited  a  flocculent  brownish  black  precipi- 
tate of  organic  matter.  Moreover,  in  some  cases,  particularly  with 
the  livers  of  dogs,  cats  and  calves,  the  cuprous  oxide,  in  determining 
total  carbohydrates,  would  remain  dissolved  to  a  great  extent,  thus 
interfering  with  the  accuracy  of  the  volumetric  determination,  aome- 


*  Pfluger's  Archiv,  vol.  xxviii,  p.  121. 

t  Jahre8l)ericht  fiir  Thierchemie,  1881,  p.  323-324. 
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times  to  the  extent  of  even  1-2  o.  c.  of  the  sugar  solution.  In  our 
experiments  the  acid  solution  was  usually  yellow  or  yellowish  brown, 
and  invariably  at  the  end  of  the  17  hours  contained  the  flocculent 
precipitate  described  by  Delprat.  By  nearly  neutralizing  the  solu- 
tion, the  amount  of  this  precipitate  was  considerably  increased  and 
on  then  filtering  the  fiuid,  after  having  made 'it  up  to  a  volume  of 
200  c.  c,  considerable  organic  matter  was  removed.  This,  we  found, 
had  a  decided  influence  on  the  accnracy  of  the  determination,  since 
alkaline  solutions  of  this  neutralization  precipitate  appeared  to  deci- 
dedly retard  separation  of  the  cuprous  oxide.  By  paying  attention 
to  this  point,  we  had  no  difficulty  in  obtaining  fairly  concordant 
results,  by  the  use  of  the  Allihn  gravimetric  method. 

E^eriment  I. 

A  large  sized  rabbit  was  killed,  the  blood  collected  and  defibrina- 
ted,  the  liver  quickly  removed  and  finely  chopped.  Two  portions  of 
40  grams  each  were  weighed  out  and  treated  as  follows  : 

A.  B. 

40  grams  liver.  40  grams  liver. 

50  c  c.  of  a  \^%  solution  of  peptone.  95  c.  c.  of  water. 

25  c.  c.  of  blood. 
20  c.  c  of  water. 

These  were  placed  in  flasks,  and  warmed  at  40°  C.  for  two  hours. 
The  liver  was  in  contact  with  the  peptone  40  minutes  after  the  death 
of  the  animal.  A  continuous  current  of  air  was  kept  passing  through 
A,    Following  are  the  analytical  results: 

Glycogen ;  total  volume  of  the  resultant  sugar  solution  200  c.  c. 

Sugar ;  total  volume  of  the  solution  100  c.  c. 

Total  carbohydrates;  volume  of  the  resultant  solution  200  c.  c. 

Olf/cogen  A. 


VOIUIM 

ued. 
25  cc 
25 

Weight  Cu. 
0  2345  gram. 
0-2360 

BoolTaleiit                  Equivalent 
Id  dextroM.                In  glycogen. 

01209  gram.         0-1088  gram, 

0-1217                    01095 

Total  amt.« 
0*8704  gram. 
0-8760 

Per  cent. 
5-44 
5-47 

25ca 
25 

0-2675  gram. 
0-2659 

Glycogen  B, 
0-1386  gram.         0-1247  gram. 
01377                     01239 

0-9976  gram. 
0-9912 

6-23 
619 

25cc 
25 

0*2260  gram. 
0-2255 

Sugar  A. 

0-1164  gram.           

0-1163                      

0-4656  gram. 
0-4652 

2-91 
2-90 

*  Total  amount  of  glycogen,  dextrose  or  carbohydrates  calculated  as  dextrose, 
contained  in  the  above  volume  (100  or  200  c  c.)  and  representing,  therefore,  the 
tmoant  contained  in  two-fifths  of  the  40  grams  of  liver. 
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Suga/r  B. 

Voliime  EQulTalent 

Tued.  Welflrht  Ca.  in  dextrose.  Total  amt.  Per  cent. 

25C.C.  0*2136  gram.  0*1097  gram.  0*4388  gram.  2*74 

Tbtal  CarbohydrcUea  A. 
12*5  C.C.       0-2160  gram.  0*1111  gram.  1*7776  grams.         11*10 

20  0*3367     •  01768  17680  11*05 

Tbtal  Oarbohydrates  B, 
25  c.  c.  0-4030  gram.  0*2146  gram.  1*7168  grams.         10*73 

25  0-4042  0*2153  1*7224  10*76 

The  following  table  shows  the  average  percentage  results : 

Amoant  of  Total 

liver  Ukea.  Method  of  treatment.  Uljcogen.         Sagar.       ear1>oli7dratet. 

40  grains.        With  peptones  and  blood  (A),  5*46  %  2*91  %         \\M% 

40  Without  peptones  and  blood  (B),        6*21  2-74  10*75 

-0*75  +0*17  +0-33 

From  this  it  is  seen  that  while  in  the  presence  of  peptone  and  blood 
there  is  a  slight  increase  of  both  total  carbohydrates  and  sugar, 
there  is  also  a  more  than  corresponding  decrease  in  the  percentage  of 
glycogen. 

JSxperiment  II. 

Liver  of  a  rabbit,  removed  directly  after  death  and  treated  in  the 
same  manner  as  in  Experiment  L 

A.  B. 

40  grams  sampled  liver.  40  grams  sampled  lirer. 

50  c.  c.  of  a  10  per  cent,  peptone  solution.  145  c.  c.  of  water. 

25  grams  blood. 
70  c,  c.  of  water. 

Warmed  2  hours  at  40°  C,  with  a  current  of  air  passing  through  A. 

Glycogen  A. 

Volume  Equivalent  Equivalent  Total  Per 

used.  Weight  Co.  in  dextrose.  in  glycogen.  amount.  ceot. 

25  c.  c         0-3170  gram.         0*1659  gram.         0*1493  gram.        1*1944  grams.         7  46 

Glycogen  B. 
25  c.  c.        0*3420  gram.        01798  gram.        0*1618  gram.        1*2944  grama.         8*09 

Sugar  A, 
25  c.  a        0*2520  gram.        0*1303  gram 0*5212  gram.  3*26 

Sugar  B. 
10  c.  c.         00865  gram.         00441  gram 0*4410  gram.  2*15 

Total  carbohydrates  A. 
10  c.  c.        0*2205  gram.         0*1134  gram,  2*2680  grams.       14*15 

Total  carbohydrates  B, 
10  ca        0*2110  gram.        0*1084  gram 2*1680  grams.       13-ft5 
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AmoDDtof  ^T?H'  . 

llTer  uken.  Method  of  treatroent.  Glycogen.  Bagar.     oarbohjaratee. 

40  grams.  With  peptones  and  blood  (AX  '7'46  %         3*26  ^         1415  j( 

40  Without  peptones  and  blood  (B),         809  2*76  13*56 

—0-63  +0-61  +0-60 

Mtperiment  IIL 
A  8mall  rabbit,  treated  in  the  same  manner  as  the  preceding : 

A,  B. 

25  grams  sampled  liyer.  25  grams  sampled  liver. 

50  a  c.  of  a  10  per  cent  peptone  solution.  126  c.  c.  of  water. 

50  grams  of  blood. 
25  c  c.  of  water. 

Warmed  for  2  hours  at  40*  C,  with  a  constant  current  of  air 
passing  through  A. 

Glycogen  A. 

Volume  EqnlTalent  EqnlTalent  Total  Per 

Mcd.        Wel^tCu.  ladextroie.  in  glycogen.  amount.  cent. 

25 a c.        0-0435  gram.         0*0226  gram.       00203  gram.       0*1624  gram.  1*62 

25  00455  00236  00212  01696  169 

Glycogen  B. 
25 a c.        0-0425  gram.         00221  gram.       0  0198  gram.       0-1584  gram.  1*58 

25  0-0405         0-0211        0*0189        0-1512  1*51 

Sugar  B* 
25ca        01413  gram.         00719  gram 0*2876  gram.  2*87 

26  01400  00713  0*2852  2-85 

Ihtal  carbohydrates  A, 

25cc        0-1660  gram.         00796  gram 0*6368  gram.  6*36 

25  01685  0-0809  0*6472  6*47 

Total  carbohydraiea  B, 

25  c.  a        01445  gram.         0*0736  gram 0*5888  gram.  5-88 

25  01427  0*0726  0*5808  5*80 

Following  are  the  average  percentage  results : 

Aaoont  of  Total 

Uvertftken.  Method  of  treatment.  Glycogen.  Bngar.      carbohydrates. 

25  giams.         With  peptones  and  blood  (A),  I'^b  %  6*42  % 

25  Without  peptones  and  blood  (B),        1*54  2*86^  5*84 

+  0-11  +0*58 

In  this  experiment  there  is  the  same  slight  increase  of  total  carbo- 
bydrates  in  the  presence  of  peptone  noticed  in  the  two  preceding 
experiments.  The  increase,  however,  is  not  great,  and  it  suggests  at 
once  the  question,  whether  the  differences,  although  constant,  are 

*  Sugar  A  was  lost. 
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beyond  the  ordinary  limits  of  error.      This  question  we  have  en- 
deavored to  answer  in  the  next  experiment. 

Mrperiment  IV. 
A  rabbit's  liver  removed  from  the  body  immediately  after  death, 
was  prepared  in  the  usual  manner.     Two  mixtures,   exactly  alike, 
were  then  made  as  follows  : 

A.  B. 

26  grams  of  liver.  25  grama  of  liver. 

100  c.  c.  of  water.  100  c.  c.  of  water. 

These  were  in  the  bath  23  minutes  after  the  death  of  the  animal 

and  were  warmed  at  40"  C.  for  2  hours.      The  two  portions  were 

then  extract^  and  analyzed  as  in  the  preceding  experiments;  the 

i>bject  being  to  see  how  great  a  variation  would  be  obtained  by  this 

like  treatment  of  the  two  portions  of  sampled  liver.     Following  are 

the  results : 

Glycogen  A. 

Volume  Eqalvalent  Equivalent  Total  P«r 

Uji«<L         Weight  Cn.  in  dextrose.  In  glycogen.  amonnt.  cent. 

2ric.  c.         0*1575  gram.         00802  gram.         00721  gram.         0*5768  gram.         57fi 

Glycogen  B. 
JS  c  c.        0*1685  gram.         0*0809  gram.         0*0728  gram.         05824  gram.         5-82 

Sugar  A. 
lUac.         00433  gram.         0  0225  gram 02250  gram.         225 

Sugar  B. 
lOo.c.         0*0430  gram.         00224  gram 0-2*240  gram.         2'24 

Total  carbohydrates  A. 
a5e.  c.         0-2340  gram.        01207  gram 0-9656  gram.         9*65 

Total  carbohydrates  B. 
26  uc.         0*2335  gram.         0*1203  gram 0*9624  gram.         9*62 

Percentage  results. 

Glycogen.  Sugar.  Total  carbohydrates. 

A,  5-76  per  cent.  225  per  cent.  965  per  cent. 

R  5*82  2-24  962 

-0-06  +001  +0*03 

These  results  plainly  show  that  when  the  conditions  of  the  exper- 
iment are  exactly  the  same,  the  average  variation  in  results  will  be 
considerably  less  than  0*1  per  cent.  Consequently  variations  greater 
than  this  must  have  their  origin  in  something  other  than  the  ordinary 
i  rrors  of  analysis.  Hence,  in  the  three  preceding  experiments  we 
have  to  account  for  an  average  increase  of  about  0*6  per  cent,  in 
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total  carbohydrates  in  those  cases  where  peptone  and  blood  are  both 
present. 

A  comparison  of  Seegen's  results*  show  that  while  an  aqueous  solu- 
tion of  peptone  alone  in  contact  with  fresh  liver  increases  somewhat 
the  percentage  of  both  sugar  and  total  carbohydrates,  the  addition 
of  blood,  kept  arterial  by  the  passage  of  a  current  of  air  through 
the  fluid,  appears  to  still  further  increase  the  percentage  of  sugar 
and  carbohydrates.  Seegen,  moreover,  shows  by  a  blank  experi- 
ment, that  blood  alone  in  contact  with  the  liver  has  no  more  influence 
on  the  formation  of  carbohydrates  than  distilled  water. 

Experiment  V. 
This  experiment  was  tried  mainly  to  see  what  influence  peptones 
by  themselves  in  the  absence  of  blood,  would  have  on  the  forma- 
tion of  sugar  and   total  carbohydrates.     Two  portions  of  sampled 
liver  from  a  large  rabbit  were  treated  as  follows  : 

A.  B. 

50  grams  liver.  50  grams  liver. 

50  a  c.  of  water  containing  2  grams  of  peptones.  50  c.  c.  of  water. 

The  solution  of  peptone  was  poured  over  the  liver  just  45  minutes 
after  the.death  of  the  animal.  The  mixtures  were  placed  in  a  bath 
at  40**  C.  for  3  hours,  after  which  they  were  allowed  to  stand  at  the 
temperature  of  the  room  for  2 1  hours.  They  were  then  extracted 
and  analyzed  in  the  usual  manner,  with  the  following  results : 

Glycogen  A. 

Volume  £qalTMent  EqulTslent  Total  Per 

ai«iL         Weight  Cu.  In  dextrose.  In  Klycogen.  amnnnt.  cent. 

25 cc.        01900  gram.         00973  gram.        00876  gram.        0*7000  gram.  3-50 

25  0-1915  0-0980  0-0882  0-7066  3-52 

Glycogen  B. 
25 cc.        01785  gram.         0*0913  gram.         0  0821  gram.         0*6568  gram.         328 

Sugar  A. 

25  cc        0*4085  gram.         0*2177  gram 0*8708  gram.         4*36 

10  0-1735  00887  0*8870  4*43 

Sugar  B. 
10 cc        01745  gram.         0  0892  gram 0*8920  gram.         4*46 

Total  carbohydrates  A. 
lOcc        01985  gram.         0*1017  gram 2*0340  grams.      1017 

Total  carbohydrates  B. 
10  cc        0*1830  gram.         0*0937  gram 1*8740  grams.        9*37 

*  PflQger's  Archiv,  vol.  xxv,  p.  172;  ibid,  vol.  xxviii,  p.  125. 
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Average  percentage  results, 
Ainoont  of  Total 

liver  taken  Method  of  treatment.      Glycogen.  Sagar.  carbotaydraies. 

50  grams        With  peptones  (AX  3*61  per  cent.     4*39  per  cent.     1017  per  cent. 

50  Without  peptones  (B),       3*28  4*46  9-37 

+  0*23f  -007  -fO-80 

Experiment  VI. 
This  experiment  is  practically  a  repetition  of  the  preceding  one, 
excepting  that  the  temperature  throaghoat  the  experiment  was  about 
18-20°  C.  and  the  length  of  time  24  hours.  This  latter  point  we  deem 
of  considerable  importance,  ior  as  the  results  show,  the  same  increase 
in  total  carbohydrates  in  the  presence  of  peptone  is  apparent  here, 
after  24  hours  treatment  and  also  in  the  preceding  experiment  after 
21  hours  treatment,  as  has  been  observed  at  the  end  of  2  to  3  hours 
in  the  presence  of  peptone  and  blood.  For  Seegen  lays  considerable 
stress  upon  the  fact  that  in  many  animals  the  newly-formed  carbo- 
hydrates and  sugar,  supposed  to  have  their  origin  in  the  peptones, 
are  after  a  time  decomposed,  so  that  at  the  end,  say  of  24  hours,  the 
content  of  sugar  and  total  carbohydrates  fall  back  to  their  original 
amount,  that  is,  the  amount  found  in  the  control.  Seegen  further 
claims  that  this  point  speaks  strongly  in  favor  of  the  action  of  the 
liver,  as  such,  on  the  conversion  of  peptone,  and  rabbits'  liver  accord- 
ing to  his  experiments  is  no  exception  to  the  rule.*  The  experiment 
was  as  follows : 

A.  B. 

40  grams  ftesh  liver  (rabbit).  40  grams  fresh  liver. 

55  c.  c.  of  water  containing  2  grams  of  peptone.  55  c.  c.  of  water. 

These  two  mixtures  stood  at  the  temperature  of  the  room  for  24 

honrs,  when  they  were  extracted  and  analyzed  with  the  following 

results : 

Glycogen  A. 

Volnme  Ronlvalent  Eqalvalent  Total  Per 

used.        Welgbt  Co.  in  dextrose.  In  glycogen.  amount.  cent. 

25  c.  c.         0-2767  gram.         0*1436  gram.         0*1292  gram.         1*0336  grams.        6*46 

Glycogen  B. 

25  c.  c.         0-2515  gram.        0*1299  gram.         0*1168  gram.         0*9344  gram.         5*84 

Sugaa-  A. 

26  c.  c.         0-2746  gram.         0*1424  gram 0-5696  gram.        f3'56 

26  0-2656  01375  0-5500  3*43 

Sugar  B. 

25c.c.         0-3210  gram.         01681  gram 0*6724  gram.         4*20 

j25  0-3260  01709  0*6836  4-!7 

Total  carbohydrates  A. 
10  c.  c.         0*2100  gram.         01079  gram 2-1580  grams.      13*48 

Total  carbohydrates  B. 
10  cc.         0-2013  gram.        0*1032  gram 2*0640  grama.      12*90 

*  Pfltigor's  Archiv,  vol.  xxv,  p.  176. 

f  In  this  determination,  difficulty  was  experienced  in  obtaining  a  good  reduction. 


of  Sug(xr  in  the  lAver^  in  the  presence  of  Peptones,  193 

Average  percenUige  results, 
Amonnt  of  Total 

Hrer  Uken.  Method  of  treatmeot.     Glycogen.  Sagar.  carhohydrnteB. 

40 grams        With  peptones  (A),  646  per  cent.      3*49  per  cent      13-48  per  cent. 

40  Without  peptones  (B),     5-84  4*23  12'90 

+  0-62  -0-74  +0-58 

Both  of  these  experiments  tend  to  show  that  the  presence  of  blood 
has  no  especial  influence  on  the  percentage  of  total  carbohydrates ; 
fully  as  great  an  increase  is  to  be  noticed  in  the  presence  of  peptone 
without  blood,  as  when  the  latter  is  present.  Evidently  then,  if  the 
increase  in  total  carbohydrates  noticed  in  all  of  our  experiments  is 
really  due  to  the  post-mortem  formation  of  carbohydrate  matter  from 
peptone  it  is  quite  certain  that  blood  is  not  at  all  essential  to  the 
reaction,  at  least  in  the  livers  of  rabbits. 

It  is  to  b^  noticed,  moreover,  in  the  two  last  experiments  that,  in 
the  absence  of  blood,  the  sugar  is  not  increased  in  amount  in  the 
presence  of  peptone.  On  the  contrary,  the  presence  of  peptone 
under  such  conditions  appears  to  diminish  the  formation  of  sugar, 
glycogen  being  correspondingly  increased.  In  all  of  the  experiments 
with  rabbits,  it  is  apparent  from  the  results,  that  any  increase  of 
sugar  in  the  presence  of  peptone  is  in  every  instance  counterbalanced 
by  a  corresponding  decrease  in  glycogen.  In  the  last  two  experi- 
ments, the  same  relationship  between  the  amount  of  glycogen  and 
sugar  is  to  be  noticed,  only  here  the  greatest  percentage  of  sugar  is 
to  be  found  in  that  portion  of  the  liver  which  was  treated  without 
peptones.  This  would  suggest  that  blood  either  facilitates  in 
some  manner  tbe  action  of  such  amylolytic  ferment  as  is  present  in 
the  liver,  or  else  that  it  introduces  an  additional  ferment  which  causes 
increased  amylolytic  action.  Blood  certainly  does  not  contain  any 
substance  convertible'  into  sugar  by  the  action  of  boiling  acids, 
since  the  increase  in  total  carbohydrates  is  no  greater  in  the  presence 
of  blood  than  in  the  presence  of  peptone  alone. 

We  have  therefore  tried  the  following  experiment  in  order  to  as- 
certain whether  blood  by  itself,  in  the  absence  of  peptone,  has  any 
influence  whatever  on  the  formation  of  sugar. 

JSxperiment  VII. 

A.  B. 

50  grams  of  sampled  liver  (rabbit).  50  grams  of  sampled  liver. 

27  grams  of  blood.  92  c.  c.  of  water. 

65  c.  c.  of  water. 

The  blood  from  the  same  rabbit  was  poured  over  the  liver  35  min- 
utes after  the  death  of  the  animal  and  the  two  flasks  containing  the 
Trass.  Conh.  Aoad.,  Vou  VII.  25  Nov.,  1886. 
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mixtures  were  then  placed  at  a  temperature  of  40**  C  for  2  hours. 
A  constant  current  of  air  was  kept  passing  through  the  blood  during 
this  time.     Following  are  the  results  obtained  : 

Glycogen  A. 

Volnme  Eqnlralent  Equivalent  Total  Per 

used.         Weight  On.  in  dextrose.  in  glycogen.  amount.  cent 

26  c.  c.        01 270  gram.        00647  gram.        00582  gram.        0*4656  gram.         232 

Glycogen  B. 
25  c.  c.        0*1947  gram.        00997  gram.        00897  gram.        0*7176  gram.         3*58 

Sugar  A. 
.  10  c.  c.        0*1635  gram.        0*0845  gram 0*8450  gram.         422 

Sugar  B. 

10  c.  c.         0*1420  gram.         0*0723  gram 07230  gram.  3-61 

10  0*1415  00720  0*7*200  3*60 

Total  carbohydrates  A, 
20  c.  c.         0-3800  gram.         0*2014  gram 2*0140  10*07 

Total,  carbohydrates  B. 
20  c. c.        0-37 85  gram.         02005  gram 2*0050  1 0*02 

Average  percentage  results. 
Amount  of  Total 

liver  taken.  Method  of  treatment.       Glycogen.  Sugar.  carbohydratea. 

50  grams.        With  blood  (A),         2*32  per  cent    4*21  per  cent.     10*07  per  cent 

50  Without  blood  (B),     3*58  361  1002 

-1-26  +0-60  +0*05 

Total  carbohydrates  ai*e  not  at  all  affected  by  the  presence  of 
blood,  but  the  percentage  of  sugar  is  considerably  increased,  and  in 
accord  with  the  increase  of  sugar,  is  to  be  noticed  a  decided  de- 
crease in  the  percentage  of  glycogen.  Evidently  then  the  percent- 
age of  sugar  in  the  rabbit's  liver  is  increased  in  the  presence  of  blood, 
which  increase  is  due  wholly  to  a  more  vigorous  decomposition  of 
glycogen.  Moreover,  whenever  increase  of  sugar  has  been  observed 
in  our  experiments  a  corresponding  decrease  in  glycogen  has  as  a  rule, 
also  been  seen.  In  this  respect,  therefore,  our  results  agree  with 
those  of  Boehm  and  Hofirnann,  as  also  with  those  of  Delprat.  See- 
gen,  however,  states  in  a  later  communication,*  that  in  rabbit$s 
glycogen  is  more  rapidly  changed  than  in  the  case  of  dogs,  or  in 
other  words  that  the  liver-glycogen  of  rabbits  is  less  resistant  to  the 
action  of  ferments. 

In  all  of  the  preceding  experiments  with  the  livers  of  rabbits,  it  ii 
to  be  noticed  that  the  sum  of  glycogen,  calculated  as  dextrose,  and 

•  Pfluger's  Archiv,  vol.  xxiv,  p.  467. 
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the  sugar,  is  not  at  all  equal  to  the  figures  representing  total  carbohy- 
drates, being  in  every  instance  considerably  less  than  the  latter. 
Thas  in  Experiment  V,  the  amount  of  total  carbohydrates  is  in  A 
(with  peptones)  10'17  per  cent.,  while  the  sum  bf  succar  and  glyco- 
gen calculated  as  dextrose  is  but  8'29  per  cent.;  a  deficit  of  1*88  per 
cent  In  B^  likewise,  where  peptones  are  not  present,  there  is  a  sim- 
ilar deficit,  amounting  in  this  case  to  1*27  per  cent.  It  is  not  to  be 
supposed  that  such  a  deficiency  could  in  any  manner  arise  from 
errors  of  analysis  and  the  most  natural  supposition  is  that  the  sugar, 
determined  and  calculated  as  dextrose,  might  be  of  lower  reducing 
power;  or  in  other  words  that  it  might  consist  of  maltose  instead  of 
dextrose,  or  rather,  of  a  mixture  of  maltose  and  dextrose  or  of  a 
soluble  dextrin.  O.  Nasse'*'  has  stated  that  the  dead  liver  contains 
dextrose,  or  a  sugar  whose  reducing  power  is  not  increased  by  heat- 
ing with  dilute  sulphuric  acid.  Seegen  and  Kratschmerf  also  state 
that  the  dead  liver  contains  dextrose^  and  furtfier,  that  the  liver  sugar 
is  ^eeltisiveli/  dextrose.  This  opinion  is  based  mainly  upon  the  fact 
that  the  fluid  obtained  from  a  calf's  liver  by  pressure,  yielded  by 
dialysis  and  subsequent  treatment  with  alcohol,  a  saccharine  body, 
\hich  on  the  addition  of  an  alcoholic  solution  of  potash  was  converted 
into  the  known  dextrose-potash  compound.  Musculus  and  V.  Mering,J 
however,  claim  that  in  addition  to  dextrose,  the  dead  liver  also  con- 
tains maltose.  This  sugar  they  detected  twice ;  once  in  the  dead 
liver  of  a  dog,  1  hour  after  death,  and  again,  also  in  a  dog's  liver,  5 
hours  after  death.  In  both  cases  dextrose  was  likewise  present.  Dex- 
trin they  were  not  able  to  detect  with  certainty,  but  they  consider 
that  the  liver  ferment  also  forms  this  body,  intermediate  between 
glycogen  and  the  sugars.  E.  KUlzg  has  also  prepared  from  the  dead 
livers  of  dogs  pure  dextrose,  but  he  does  not  conclude  definitely  as 
to  the  presence  of  dextrin  and  maltose.  It  is  to  be  seen,  therefore, 
that  while  there  is  unanimity  of  opinion  regarding  the  presence  of 
dextrose,  there  is  less  certainty  regarding  the  presence  of  the  lower 
redncing  sugar,  maltose. 

We  have  therefore,  carefully  examined  the  nature  of  the  sugar 
remaining  in  the  alcoholic  filtrate  after  the  precipitation  of  glycogen, 
and  we  find,  in  almost  every  instance,  that  the  saccharine  body  there 


*  Bemerkungen  zur  Phyaiologie  der  Kohlehjdrate.    Pfliij^r's  Archiv,  vol.  xiv,  p.  473 

f  Die  Natur  dea  Leberzucker.     PflQger's  Archiv,  vol.  xxii,  p.  214. 

{  Ueber  die  Umwandlung  von  St&rke  und  Glycogen  dnrch  Diastas,  Speichel,  Pan* 
creag  nod  Leberfennent.     Zeitsohrift  fdr  physiologische  Chemie,  vol.  ii,  p.  417. 

§  Ueber  die  Natur  des  Zuckers  in  der  todtenstarren  Leber.  Pfluger's  Archiv,  vol. 
xiiT,  p,  52. 
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present,  has  its  reducing  power  considerably  increased  by  beating  for 
a  short  time  with  2  per  cent,  sulphuric  acid.  Moreover,  the  sum  of 
glycogen  calculated  as  dextrose,  and  the  liver  sugar  converted  wholly 
into  dextrose  by  boiling  with  dilute  acid,  exactly  equals  the  total 
carbohydrates  in  those  cases  where  peptones  are  not  present.  Thus 
in  Experiment  V,  A  and  By  the  final  sugar  solution  amounted  in 
each  instance  to  100  c.  c.;  60  c.  c.  of  these  solutions  were  mixed  with 
sufficient  10  per  cent,  sulphuric  acid  to  insure  a  content  of  2  percent, 
after  which  the  two  solutions  were  boiled  for  two  hours,  evaporation 
being  prevented  by  an  inverted  Liebig's  condenser.  On  cooling,  the 
solutions  were  made  nearly  neutral,  concentrated  somewhat  and 
finally  brought  back  to  a  volume  of  exactly  50  c.  c.  Following  are 
the  analytical  results  both  before  and  after  boiling  with  the  dilute  acid. 


A.   With  peptones. 

Volume 
used. 

Equlralent 
Weight  Cu.               In  dextrose. 

Total 
amoant. 

Per 
cent. 

Before  boiling, 

10  c.  c. 

01 735  gram.         00887  gram. 

0-8870  gram. 

4-43 

After  boiling, 

10 

0-2270                    01169 
B.    Without  peptones. 

1-1690 

5-84 

Before  boiling. 

10  c.  C. 

01745  gram.        00892  gram. 

0-8920  gram. 

4-46 

After  boiUng, 

10 

0-2234                    0-1150 

1-1500 

5-75 

Hence,  it  is  evident  that  the  liver  sugar,  in  this  instance  at  leasts 
is  not  made  up  entirely  of  dextrose.  Neither  is  it  wholly  maltose, 
for  if  such  were  the  case,  the  reducing  power  before  and  after  boiling 
with  acid,  would  be  iu  the  proportion  of  66  :  100,  whereas  in  the 
above  experiment  the  ratio  in  A  is  76*4  :  100  and  in  B  78*1:  100. 
Still,  it  would  appear  that  the  lower  reducing  body  is  present  in  the 
largest  quantity. 

It  was  not  our  purpose  to  study  particularly  the  nature  of  the 
liver  sugar,  so  we  have  not  sought  for  positive  proof  of  the  character 
of  this  lower  reducing  body.  That  it  is  not  dextrin,  or  glycogen 
left  unprecipitated  by  the  alcohol,  is  evident  from  the  fact  that  the 
addition  of  a  little  pure  yeast  to  the  normal  sugar  solution  sets  up  a 
fermentation  by  which  the  sugars  are  not  only  completely  decom- 
posed but  no  amylaceous  bodies  whatever  remain  in  the  fluid  ;  at 
least  none  which  will  yield  reducing  bodies  on  boiling  with  dilute 
sulphuric  acid.  Consequently  it  would  appear  that  the  lower  redu- 
cing body  is  in  all  probability  maltose.  We  do  not  intend  to  say, 
however,  that  dextrin  is  never  present  in  the  liver ;  on  the  contrary, 
we  are  inclined  to  agree  with  Musculus  and  v.  Mering  that  dextrin 
is  doubtless  formed  as  an  antecedent  to  maltose,  but  in  the  two  or 
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three  fermentation  experiments  that  we  have  tried,  the  sagar  solu- 
tion has  never  contained  dextrin.  It  would  of  course  be  more 
oatoral  in  seeking  for  dextrin  to  look  in  the  glycogen  precipitate. 
Finally,  it  is  interesting  to  notice  in  connection  with  this  same  exper- 
iment, that  in  B  the  sum  of  glycogen  calculated  as  dextrose  and  the 
sogar  after  boiling  with  sulphuric  acid  equals  the  total  carbohydrates 
found ;  while  in  A  where  peptones  are  present,  the  total  carbo- 
hydrates more  than  equal  the  sum  of  glycogen  and  sugar,  as  is  shown 
hy  the  following  figures  from  Experiment  V. 

Sagar  not  boiled  with  acid.  Sugar  boiled  with  acid. 
A.                       B.  ^A.  B.  ' 

Glycogen  calculated  as  dextrose,  3-90  p.  c.  3*64  p.  c.  390  p.  c.  3*64  p.  c. 
Aigar  calcalated  as  dextrose,  4*43  4*46  5*84  5*76 

8*33  810  9*74  9*39 

Total  carbohydrates  found  in  ii  10*17  per  cent. 

♦*     B  9*37 

This  shows  an  apparent  increase  in  total  carbohydrates  of  0*43 
per  cent  (in  A)  under  the  influence  of  the  peptones ;  this  being  the 
difference  between  the  total  carbohydrates  found,  and  the  sum  of 
glycogen  calculated  as  dextrose  and  the  sugar  after  boiling  with 
dilate  acid.  In  B  on  the  other  hand,  the  total  carbohydrates  found 
and  the  sum  of  glycogen  and  sugar  differ  but  O'Oti  per  cent. 

Experiment  VIIL 

This  experiment  was  tried  mainly  to  verify  the  preceding  state- 
ments regarding  the  liver  sugar. 

40  grams  of  liver  from  a  rabbit  were  finely  divided  and  placed  in  a 
flask  with  50  c.  c.  of  water.  The  mixture  was  then  warmed  at  38- 
♦0°  C.  for  2  hours,  when  it  was  boiled  and  extracted  in  the  usual 
manner.  The  liver  was  placed  in  the  warm  bath  just  25  minutes 
after  the  death  of  the  rabbit,  consequently  2^  hours  intervened  be- 
tween the  death  of  the  animal  and  the  stopping  of  ferment  action. 
Following  are  the  results  of  the  analysis : 

Glycogen. 

^olanc  Equivalent  Equivalent  Total  Per 

ved.        Weight  Cu.  In  dextroae.  In  glycogen.  amoant.  cenL 

25  cc.        0*2990  jrrana.         0*1560  gram.         0*1404  gram.         1*1232  grams.        7*02 

Sugar. 
lOcc.        0*0915  gram.        0'0466  gram.  0*4660  gram.      *  2*91 

Sugar  after  boiling  with  dilute  HaSO*. 
JOcc.        0*1145  gram.         00582  gram 0*5820  gram.         3*63 

Total  carbohydrates. 
lOca        01790  gram.         00916  gram 18320  grams.      11*45 
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Glycogen  as  dextrose,        7*80  per  cent  7  80  per  cent 

Sugar,  2-91  After  boiling  with  HaSO*,     363 

10-71  11-43 

It  is  evident  that  here,  as  in  the  preceding^  experiment,  the  sura  of 
glycogen  calculated  as  dextrose  and  the  sugar  equals  the  total  car- 
bohydrates actually  found,  only  when  the  sugar  has  been  boiled  with 
dilute  sulphuric  acid,  in  which  case  the  agreement  is,  as  before, 
almost  exact.  Plainly  then,  dextrose  is  not  the  only  sugar  formed  in 
the  liver,  and  if,  as  seems  probable  from  our  experiments,  the  sugar 
has  its  ongin  in  the  hepatic  glycogen,  it  would  be  quite  in  accord 
with  analogy  to  expect  the  presence  of  both  maltose  and  dextrose. 

The  relative  reducing  power,  before  and  after  boiling  with  acid; 
is  much  the  same  as  in  the  preceding  experiments,  viz:  79*9:100, 
and  indicates  the  presence  of  considerabljB  of  the  body  with  lower 
reducing  power.  This  portion  of  the  experiment  was  duplicated 
with  another  40  grams  of  liver  from  the  same  rabbit  under  exactly 
the  same  conditions  as  to  time  and  temperature,  with  results  almost 
identical  with  those  obtained  from  the  preceding  portion,  thus  testi- 
fying to  the  accuracy  of  the  methods. 

Sugar  solution  be/ore  boiling  with  dilute  acid, 
10  c  0.  gave  00865  gram  Cu=-0*0444  gram  dextro8e=:2'78  per  cent. 

Sugar  solution  after  boiling  with  dilute  acid. 
10  c.  c.  gave  01080  gram  Cu^OOSSO  gram  dextro9e=3  44  per  cent. 

The  relative  reducing  power  before  and  after  boiling  with  dilute 
sulphuric  acid  is  in  this  case  80*0  :  100. 

Experiments  were  now  tried,  to  ascertain  the  influence  of  peptone 
on  the  formation  of  carbohydrates  in  the  livers  of  other  animals. 

Experiment  IX. 

A  large  cat  in  full  digestion,  fed  mainly  on  proteid  matter,  was 
chloroformed,  blood  collected  from  the  jugular  vein  and  the  liver  at 
once  removed.     Two  mixtures  were  then  prepared  as  follows: 

A  s. 

50  grams  sampled  liver.  50  grams  sampled  liv#r. 

20  granjs  blood,  100  c.  c.  of  water. 

50  c.  c.  of  a  10  per  cent,  solution  of  peptone. 
40  c.  c.  of  water. 

These  were  placed  in  a  bath  at  38-40°  C.  60  minutes  after  the 
death  of  the  animal,  and  were  kept  there  for  2|  hours,  with  a  con- 
stant current  of  air  passing  through  A  in  order  to  render  the  bloo<l 
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arterial.  At  the  end  of  this  time  further  action  was  prevented  by 
boiling  the  mixtures,  after  which  they  were  extracted  in  the  usual 
manner.  Neither  of  the  two  extracts  contained  enough  glycogen  for 
estimation.     Following  are  the  other  results  : 

Sugar  A. 

Volame  BqnlTAlent  Total  Per 

oKd.  WeiKbtofCa.  In  dextrose.  amount.  cent. 

25c.c:  0-1710  gram.  •  00874  gram.  0-.H496  gram.  174 

After  boiling  with  dilute  HaSOt. 
25  c.  c  0-1730  gram.  0*0886  gram.  0-3540  gram.  177 

Sugar  B. 
25  a  c.  016.38  gram.  0*0837  gram.  0*3348  gram.  1-67 

After  boiling  with  dilute  HaSO*. 
25  c,  c.  0-1760  gram.  0*0896  gram.  0*3580  gram.  1-79 

Totfil  carbohydrates  A. 
25C.C.  0-1048  gram.  00533  gram.  0*4264  gram.  213 

Total  carbohydrates  B. 
25  c.  c.  0-0930  gram.  0*0474  gram.  0*3792  gram.  189 

Sugar. 
AnoODtof  Gly-        Before  After  Total 

liTer  taken.  Metbod  of  treatment.  Gogen.      boiling.       boiling,     carbohydrates. 

50  grama.      With  peptones  and  blood  (A),  0  174  %      \'l*l  %         213  % 

50  Without  peptones  and  blood  (B),       0  167  1*79  1*89 

+  0*07     -0  02  +0*24 

In  the  presence  of  peptone,  there  is  to  be  noticed  a  slight  increase 
in  total  carbohydrates,  which  increase  receives  confirmation  from 
tbe  fact  that  in  Ay  the  total  carbohydrates  exceed  the  sugar  by  O'o6 
per  cent.,  while  in  B  the  difference  after  boiling  the  sugar  with  dilute 
acid  is  but  O'l  per  cent.,  probably  within  the  limits  of  error.  It  is 
to  be  noticed,  moreover,  that  in  the  presence  of  peptone,  the  sugar 
formed  is  wholly  dextrose,  its  reducing  power  not  being  materially 
changed  by  boiling  with  dilute  acid,  whereas  in  B  there  is  a  slight 
increase  in  reducing  power  on  boiling  with  acid.  If  the  difference  is 
sofficient  to  warrant  any  explanation  it  might  be  suggested  that 
peptone  by  its  presence*  stimulates  the  ferment  which  presumably 
converts  maltose  into  dextrose  and  thus  in  A  complete  conversion 
was  effected  sooner  than  in  B, 

Experiment  X. 

This  experiment  was  like  the  preceding,  with  the  exception  that 
the  cat  employed  was  not  in  full  digestion.    The  stomach  was  nearly 


^  Compare  Chittenden  and  Smith,  Trans.  Conn  Acad.,  toI.  vI,  p.  343. 
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empty  and  the  small  intestines  likewise.     The  sampled  liver  was  in 
the  bath  at  40°  C,  25  minutes  after  the  death  of  the  animal. 

A.  B. 

40  grams  of  liver.  40  grams  of  liver. 

25  grams  of  blood.  135  c.  c.  of  water. 

100  a  c.  of  a  2  por  cent,  solution  of  peptone. 
1 0  c,  c.  of  water. 

These  mixtures  were  warmed  at  40°  C.  for  2  hours,  with  a  current 
nf  air  passing  through  A,  after  which  they  were  extracted  and  treated 
in  the  usual  manner.  Glycogen  was  not  found  in  sufficient  quantity 
far  determination  in  either  A  or  B.  An  accident  happened  to  the 
sugar  solutions,  so  that  the  absolute  amount  of  sugar  could  not  be 
c-atimated,  but  the  relative  reducing  power  of  the  sugar  solution, 
before  and  after  boiling  with  dilute  sulphuric  acid,  was  accurately 
determined. 

Total  carbohydrates  A. 


Volame 
need. 

25  C.  C. 

Wel^btofCu. 
0*1070  gram. 

Eqaivalent 
In  dextrose. 

'      00545  gram. 

Total 
amoant.                      Per  cent 

0-4360  gram.             2*72 

25  c.  c. 

00865  gram. 

Total  carbohydrates 
00441  gram. 

B. 

0-3528  gram.            220 

25  c.  c. 
25 

01045  gram. 
01479 

Sugar  A. 
00529  gram. 
00753 

Before  boiling  with  dilute  acid. 
After  boiling  with  acid. 

26  c.  c. 
25 

01453  gram. 
0-1925 

Sugar  B. 
0  0740  gram. 
0-0986 

Before  boiling  with  dilute  acid. 
After  boiling  with  acid. 

In  this  case,  the  total  carbohydrates  show  an  increase  of  0*52  per 
cent,  in  the  presence  of  peptone.  The  sugars,  unlike  the  result  in 
the  preceding  experiment,  show  a  very  great  increase  in  reducing 
power,  on  being  boiled  with  dilute  sulphuric  acid.  In  A,  the  rel- 
ative reducing  power  before  and  after  boiling  with  the  acid,  is 
70*6  :  100  and  in  B  16'i  :  100.  Hence  in  this  experiment  it  would 
appear  that  the  lower  reducing  body,  presumably  maltose,  is  present 
in  great  excess. 

Experhnent  XI. 

In  this  experiment,  a  liver  was  taken  from  a  freshly  killed  lamb, 
sampled  in  the  usual  manner  and  then  warmed  at  40°  C,  with  and 
without  peptone,  for  4  hours.  The  liver  was  in  the  bath  and  miied 
with  the  peptone  solution  just  one  hour  and  20  minutes  after  the 
tieath  of  the  animal.     In  this  experiment  no  blood  was  used. 
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A.  B, 

50  grams  of  Uver.  50  grams  of  liver. 

50  c  c  of  a  4  per  cent  solution  of  peptone.  50  c.  c.  of  water. 

Glycogen  could  not  be  detected  in  sufficient  quantity  for  estima- 
tion.   Following  are  the  other  results : 

Tolune  Eqnlyalent  Total 

med.  Welgbt  of  Cq.  -  in  dextrose.  amonat.  Per  cent. 

35  c  c  0*2440  gram.  01260  gram.  0*5040  graq.  2*52 

Afkr  boiling  with  dilute  H,S04. 
25C.C  0*2495  gram.  01289  gram.  0*6156  gram.  2-5'7 

Sugar  A 
25  c.  a  0  2430  gram.  0*1265  gram.  0*6020  gram.  2*51 

After  boiUng  with  dilute  IU8O4. 
35  c  c  0*2445  gram.  0*1262  gram.  0*5048  gram.  2*62 

Thiol  carbohydrates  A. 
35 a c.  01185  gram.  00603  gram.  0*4824  gram.  2*41 

Total  carbohydrates  B. 
25C.C.  0*1210  gram.  0*0616  gram.  0*4928  gram.  2*46 

Here  there  is  neither  increase  in  total  carbohydrates  in  the  pres- 
ence of  peptone,  nor  is  there  any  change  in  the  reducing  power  of 
thegugar  solutions  after  boiling  with  dilute  acid.  Total  carbohy- 
drates, moreover,  fall  a  trifle  below  the  percentage  of  sugar,  although 
the  difference  is  within  the  limits  of  error. 

Mcperiment  XII. 
With  a  sheep's  liver,  24  hours  after  death. 

A.  B. 

50  grams  of  aampled  liyer.  50  grams  of  sampled  liver. 

100  c  c.  of  a  2  per  cent,  solution  of  peptone.  1 00  c.  c.  of  water. 

These  were  warmed  at  40°  C.  for  Ij  hours,  then  extracted  and 
tested.    No  glycogen  was  found. 

Sugcur  A. 


Telune 

Weight  of  Cn. 

EqnWalent 
In  dextrose. 

ToUl 
amount. 

Per  cent. 

25C.C 

0  1085  gram. 

0*0652  gram. 
Suga/r  B. 

0-2208  gram. 

110 

35CC. 

0*0826  gram. 

0*0420  gram. 
Total  carbohydrates  A, 

0*1680  gram. 

0-84 

35  cc. 

0-0760  gram. 

0*0383  gram. 
Total  carbohydrates  B. 

0*3064  gram. 

1*53 

25cc 

0*0465  gram. 

0*0241  gram. 

0*1928  gram. 

0*96 

Trams.  Coiih.  Aoad.,  Vol.  VIL  26  Nov.,  1886. 
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Amoaiit  of  Total 

liver  taken.  Method  of  treatment.  Glycogen.        Sagar.  carbohydrates. 

60  grams.  With  peptones  (A).  0  MO  per  cent  1'53  perceot. 

50  Without  peptones  (B),  0  084  096 

+  0-26  +0-57 

Increase  in  both  sugar  and  total  carbohydrates  is  to  be  noticed 
in  A,  The  increase  in  total  carbohydrates,  moreover,  is  twice  as 
great  as  the  increase  in  sugar. 

^ktperiment  XIII. 
With  a  calf's  liver,  from  a  freshly  killed  animal,  obtained  at  the 
sl;iughter  house. 

A.  B.  c. 

00  i^ams  of  hver.       60  g^ms  of  liver.       50  grams  of  liver. 
I  (10  c.  c.  of  water.       100  c.  c.  of  water.      100  c  c.  of  a  2  per  cent,  solution  of  peptone. 

A  was  warmed  at  40®  C.  for  1  hour  and  20  minutes,  after  which  it 
was  extracted  and  analyzed;  £  and  C  on  the  other  hand,  were  heated 
for  1  hour  and  30  minutes  at  the  same  temperature,  after  which  they 
were  allowed  to  stand  for  16  hours  at  about  18-20**  C.  before  being 
extracted.  The  special  object  in  view  was  to  ascertain  the  inflaencc 
of  time  on  the  disappearance  of  glycogen. 
Following  are  the  results  obtained  : 

Glycogen  A. 

Vulnnie  Eqalvalent  Equivalent  .  Total  Per 

imi'il.  Weight  of  Ca.  in  dextrose.  in  glycoifen.  amount.  ceot. 

2ft  e.c.         00230  gram.         00125  gram.         00112  gram.         0*0896  gram.         044 

Glycogen  B. 
•2U  0.  c.         0*0105  gram.        0*0063  gram.        0  0056  gram.         00448  gram.         022 

Glycogen  C. 
t^  a  L%  c.        a  mere  trace  only. 

Sugar  A. 
:,"ic.c.         0-1900  gram.        00973  gram 03892  gram.         194 

After  boiling  with  dilute  HaSO*. 
i'lc.  c.         0-2100  gram.         0*1079  gram 0*4316  gram.         215 

Sugar  B. 
2o  i    c.         0*2445  gram.         0*1262  gram 05048  gram.         252 

Aft4ir  boiling  with  dilute  HaSO«. 
25c,c.         0*2535  gram.        01310  gram 0*5240  gram.         2*62 

Sv^ar  C. 
25  r  c.         0-2315  gram.         0*1198  gram 04792  gram.         2-31^ 

After  boiling  with  dilute  HaSO*/ 
2rir.  c.         0*2620  gram.         0*1357  gram 0*5428  gram.         2*71 

Total  carbohydrates  A. 
211  i    c.         01210  gram.         0-0616  gram.  0-4928  gram.  246 

Total  carbohydrates  B. 

25  uc.         01410  gram.         0  0718  gram 0*5744  gram.  2'S" 

Totai  carbohydrates  C. 

26  ac.         01405  giam.         00716  gram 0*5720  gram.         2-86 
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A  S  C 

Without  peptones,  Withoat  peptones,    With  peptones, 

IhourMmln.  IH  hours  at  40"  C.    IH  hours  »t  40»  C. 
at4(rc.  «Ddieh.  »t20<*C.     and  16  h.  at  20°  C. 

Glycogen 044  per  cent.  0*22  per  ceut  0 

Sugar  before  boiling  with  HaS04  1-94  252  239  per  cent. 

Sugar  after  boiling  with  HaS04.  215  262  2'71 

Total  carbohydrates 2*46  2-8t  2*86 

A  comparison  of  these  results  shows  no  increase  whatever  in  total 
carbohydrates  in  the  presence  of  peptone  (B  and  C)  Somewhat 
strange  is  the  apparent  increase  of  0*41  per  cent.,  in  the  absence  of 
peptone  nfler  standing  24  hours.  The  percentage  of  glycogen  is 
diminished  one-half  after  standing  24  hours,  and,  as  has  been  noticed 
several  times  before,  it  is  still  further  diminished  in  the  presence  of 
peptone.  Consistent  with  the  theory  of  the  formation  of  liver  sugar 
from  the  hepatic  glycogen,  is  the  fact  that  in  this  experiment  increase 
in  sugar  accompanies  decrease  in  glycogen.  This  is  shown  best  in 
the  pei*centages  of  sugar,  after  boiling  with  dilute  sulphuric  acid. 
The  relative  reducing  power  of  the  sugar  solutions,  before  and  after 
boiling  with  dilute  acid,  is  in  A  90*1 :  100,  in  JB  96*4:  100,  and  in  C 
88*3:  100.  In  other  words  the  liver  sugar  in  B  after  standing  24 
hours  is  composed  mainly  of  dextrose,  the  lower  reducing  body 
present  in  larger  quantity  in  A  having  been  gradually  changed  by 
longer  contact  with  the  liver  tissue.  In  (7,  however,  although  the 
time  was  the  same  as  in  B,  the  presence  of  peptone,  while  it  appears 
to  increase  the  decomposition  of  glycogen  and  thus  the  actual  amount 
of  sugar  formed,  tends  to  prevent  apparently  the  conversion  of  the 
lower  reducing  sugar  into  dextrose ;  hence  irf  C  the  percentage  of 
sugar  before  boiling  with  acid  is  less  than  in  J?,  while  after  treat- 
ment with  acid  it  is  greater. 

Following  is  a  resvmk  of  the  various  results  obtained  with  peptones. 
Experiment  I. — Rabbit's  liver. 

UTer  Total 

UkeD.  Treatment.  Glycogen.         Sugar.      carbohydrates. 

40  grams.        With  peptones  and  blood.        5-46  %         291  %         11-08  j^ 
40  Without  **  "  6-21  274  10-75 

2  hours  at  40"  C.  -0-75         +  0-17  +083 

Experiment  II. — Rabbit's  liver. 

iJw  Total 

wteo.  l-reatment.  Glycogen.  Sugar.       carbohydrates 

40  grama.        With  peptones  and  blood.        7-46  %         8-26  %         1415  % 

40  Without  "  "  809  275  1855 

2  hours  at  40°  C.  -0-68         +051  +0-60 
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Liver 
Uken. 


25  grams. 

25 


JSxperiment  III. — Babbitts  liver. 

Treatment.  Glycogen.         SoKsr. 

With  peptones  and  blood.      1*65.^ 
Without         "  "  1-54  2-86  % 


2  hours  at  40**  C. 


+  0-11 


Total 
carbohydntes. 

6*42^ 

5-84 

+  0-68 


Uhin. 


Experiment  V, — Rabbit's  liver. 


50  grams. 
50 


Treatment. 

With  peptones. 
Without     " 


Glycogen. 
8-28 


Sngar. 

4-89  jf 
4-46 


8  hours  at  40"  C.  +  0*28  -0-07 

After  boiling  the  sugar  with  dilute  HaSO*,        4-89=6-82  % 
ti  u  a  a  4'46=5-75 

+  007 


Total 
carbohydrate*. 

1017  )f 

9-87 

+  0-80 
Ratio  76-4:100. 
"     78-1:100. 


Experiment  VI. — Rabbit's  liver. 


4€  grams. 
40 


Treatment.  Glycogen. 

With  peptones.  6-46  % 

Without     **  5-84 

24  hours  at  18-20"  0.  +  0-62 


Sugar. 
3-49  jT 
4*28 

-0-74 


Ltyir 


en. 

50  grams. 
50 


Experimey^t  IX. — Cat's  liver. 

Treatment.  Glycogen.  Sngar. 

With  peptones  and  blood.        0  1*74  ^ 

Without  **  **  0  1-67 


Total 
carbohydrates. 

18-48  jj 

12-90 

+0-58 


Total 

carbohydrates. 

2-18  jf 
1-89 


2i  hours  at  40"  C. 
After  boiling  the  sugar  with  dilute  HaS04, 


+  0-07 
1-74=1 -77^ 
1-67=1 -79 

-0-02 


+  0-24 
Ratio  98*8:100. 
**      93*6:100. 


Livrr 
tJtki^Q. 


Experiment  X. — Cat's  liver. 


40  grams. 


Total 
Treatment.  Glycogen.  Sugar.  carbobydratet. 

With  peptones  and  blood.        0  


0 


2*72  jf 
2*20 


Without  ** 

2  hours  at  40"  C.  +0-52 

Rnitio  before  and  after  boiling  with  dilute  H»SO«,  70*6:100,  with  peptones. 

"  "       75-4:100,  without  peptones. 


Experiment  XL — Lamb's  liver. 


t'lkcU. 

Treatment. 

Glycogen. 

50  grams. 

With  peptones. 

0 

no 

Without    *' 

0 

4  hours  at  40**  C. 
After  boiling  the  sugar  with  dilute  HaSO^, 


Sugar. 
2-52  Jf 
2*61 

+  001 


Total 
carbohydrates. 

2-4U 
2-46 

-0-05 


2*52=2-57jf 
2*51=2-52 
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Ikp^iment  XII. — Sheep's  liver. 

LiTer  ToUl 

takeiu  Treatment.  Glycogen.  Siigftr.       carbohydrate!. 

50  grams.       With  peptones.  0  1*10^  1-58^ 

50  Without    **  0  0-84  096 

H  hours  at  40^  C.  f  0-26  +  0-67 

Experiment  XIII. — CaU's  liver. 

Utct  ToUl 

taken.  Treatment.  Qlycogen.  Sugar.      carbohydrates. 

50  grams.        With  peptones.  0               2-89  %           2*86  % 

50                   Without     '♦  0-22  j^           2-52              287 

\\  hours  at  4^"  C.  and  

16  hours  at  20*^  C.  -0-22  -018  -0-01 

After  boiling  the  sugar  with  dilute  HaSO^,        2-89=r2*71  %      Ratio  88-8: 100. 

2-62=:2-62  "     96-4:100. 

-hOOO 

These  results  show  throughout  no  indications  whatever  of  a  form- 
ation of  sugar  from  peptones;  on  the  contrary  the  results  are  wholly 
in  accord  with  the  fonnation  of  liver  sugar  from  the  hepatic  glyco 
gen.  At  the  same  time  it  is  apparent  in  several  cases,  that  the  de- 
crease of  glycogen  is  somewhat  in  excess  of  the  increase  in  sugar, 
which  fact  would  agree  with  the  view  of  Seegen  and  Kratschmer  that 
the  destroyed  glycogen  is  consumed  in  some  other  manner  than  by  con- 
version into  sugar.  But  this  is  in  the  liver  after  death,  from  which  we 
cannot  assume  like  action  during  life.  There  is  further,  in  the  results 
obtained,  strong  evidence  that  the  liver  sugar,  as  found  after  death, 
is  a  mixture  of  maltose  and  dextrose;  the  former  presumably  being 
converted  into  the  latter  by  further  ferment  action.  As  to  the  total 
carbohydrates  the  results  certainly  accord  in  a  general  way  with 
those  obtained  by  Seegen.  In  nearly  every  case,  the  presence  of  pep- 
tone gives  rise  to  an  increase  in  total  carbohydrates ;  the  average 
increase  in  8  experiments  is,  however,  but  0*52  per  cent.  This  in- 
crease, though  small,  is  certainly  too  large  to  be  explained  by  the 
assumption  of  analytical  erroi-s,  and  the  increase,  moreover,  is  too  con- 
stant to  admit  of  such  an  explanation.  Futhermore,  it  is  to  be  noticed 
in  several  instances,  that  in  the  presence  of  peptone  the  total  carbo- 
hydrates found  are  greater  than  the  sum  of  the  boiled  sugar  and 
glycogen  calculated  as  dextrose,  while  in  the  control  they  are  practi- 
cally equal;  a  fact  which  certainly  lends  favor  to  the  view  that  the 
apparent  increase  of  total  carbohydrates  is  a  real  increase,  due  in 
some  manner  to  the  presence  of  peptone.  Opposed  to  this  view, 
however,  or  rather  to  the  view  that  the  liver  possesses  the  power  of 
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changing  peptone  into  carbohydrates  is  the  fact  that  in  our  experi- 
ments the  same  increase  of  carbohydrates  is  to  be  noticed  after  ik 
hours'  contact  with  peptone  as  after  a  shorter  time ;  in  fact  in  oar 
experiments,  time  appears  to  have  no  noticeable  influence  on  the  total 
carbohydrates  whatever,  unless  the  like  results  in  Experiment  XIII 
are  taken  as  confirmation  of  Seegen's  statement  that  after  a  time  the 
nt'wly  formed  sugar  is  decomposed  and  thus  the  content  of  total  car- 
bohydrates falls  back  to  its  original  amount ;  but  in  this  experiment 
there  is  no  evidence  that  the  total  carbohydrates  ever  were  larger  in 
amount.  While  our  results  therefore  corroborate  Seegen's  and  Krat- 
schmer's  statements  regarding  an  increase  of  carbohydrates  in  the 
presence  of  peptone,  we  cannot  consider  that  the  slight  increase  in 
question,  far  less  than  that  recorded  in  their  experiments,  is  suffi- 
ciently pronounced  to  decide  conclusively  upon  such  an  important 
theory.  Furthermore,  the  noticeable  lack  of  increase  in  sugar  in  the 
presence  of  peptone,  excepting  such  increase  as  is  attended  with  de- 
crease in  glycogen,  is  an  additional  reason  for  not  attaching  as  much 
importance  to  the  slight  increase  in  total  carbohydrates  alone,  as 
mii^'ht  otherwise  be  done.  Consequently  we  must  conclude  that,  in 
ouj-  uptnion,  the  results  obtained  in  these  experiments  do  not  warrant 
the  adoption  of  this  theory  regarding  the  origin  of  the  liver  sugar, 
and  that  without  further  proof  to  the  contrary  we  must  still  adhere 
to  the  formation  of  liver  sugar  from  the  hepatic  glycogen. 


L 


XIV. — Globulin  and  Globulose  Bodies.*  By  W.  K^hne,  Pro- 
fessor of  Physiology  in  the  University  of  Heidelberg,  and 
R  H.  Chittenden. 

Thk  following  investigation  is  a  continuation  of   our  previous 
work  with  the  albumose  bodies,f  and  constitutes  the  comraencem(?nt 
of  a  study  of  the  various  primary  cleavage  products,  formed  by  the 
action  of  pepsin  from  the  better  characterized  and  purer  albumins. 
Our  work  in  this  direction  was  at  first  begun  with  the  albuminous 
bodies  occurring  in  blood  serum,  egg  albumin,  and   in   fibrin  and 
from  the  results  then  obtained  we  were  led  to  the  convictionj.that  an 
extension  of  the  work  to  the  single  albumins  was  necessary,  particu- 
larly to  serum  albumin,  globulin  and  myosin.     In  the  meantime,  our 
first  conjecture  that  hemialbumose  might  possibly  be  a  mixture,  had 
been  established  and  led  finally  to  the  isolation  of  the  albumose 
bodies  of  fibrin.§     At  this  stage  of  our  work,  fibrin  was  the  only 
albominous  material  employed  because  it  was  the  simplest  to  prepare, 
was  easily  digestible,  and  hitherto  had  been  mostly  used  in  diges- 
tion experiments.     These  practical  considerations,  to  which  must  be 
added  the  fact  that  fibrin  albumose  was  later  found  as  a  commercial 
article,  were  joined  with  the  advantage  of  being  able  to  make  use  of, 
and  at  the  same  time  extend,  the  discoveries  in  the  chemistry  of 
digestion  which   have  for  decades  been  made  with  this  particular 
albuminous  material.     Other  advantages  for  the  use  of  fibrin  in  this 
connection  cannot  well  be  claimed,  since  its  peculiar  position  be- 
tween the  genuine  and  the  coagulated  albumins,  its  contamination 
witb  globulin  and  the  presence  of  nuclein  and  other  components  of 
tbe  white  blood  corpuscles  tend  to  render  it  perhaps  least  fitted  for 
use  in  an  exact  study  of  albumin  cleavage;  and   since  fibrin  is  of 
importance  as  a  food  stuff  mainly  in  the  form  of  the  commercial  so- 
called  peptone,  there  are  many  reasons  for  proceeding  to  the  study 
of  other  digestible  substances  for  further  results. 


*  This  and  the  following  article  were  originally  published  iu  the  Zeitschrift  fiir 
Kologie,  Band  xxii.  They  are  republished  here  to  render  the  series  complete  in 
^Jtiiah.  f  See  Amer.  Chem.  Jour.,  vol.  vi,  p.  3. 

{Zeitschnft  fOr  Biologie,  Band  xix,  p.  169.  §  Ibid.,  xx,  p.  11. 
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As  we  hope  to  show,  however,  the  results  gained  in  the  study  of 
the  albumose  bodies  from  fibrin  are  by  no  means  to  be  considered  a8 
valueless,  but  on  the  other  hand  as  quite  advantageous  in  the  treat- 
ment of  the  single  albumins,  particularly  as  an  aid  in  the  separation 
of  the  individual  albumose  bodies.  Thus  in  our  study  of  globalin, 
now  to  be  described,  we  were  able  to  use  methods  already  tested. 

The  new  method  of  precipitating  albumose  bodies  by  ammo- 
nium sulphate,  which  has  meanwhile  been  discovered  and  which  is 
certainly  particularly  advantageous,  has  not  been  used  in  oor 
study  of  the  globulose  bodies,  since  these  experiments  were  con- 
cluded before  the  introduction  of  that  method.  According  to  ohser- 
vations  made  by  Dr.  Neumeistcr  in  the  Physiological  Institute  at 
Heidelberg,  ammonium  sulphate  appears  particularly  well  adapted 
to  the  purification  of  deuteroalbumose,  since  after  complete  removal 
of  protoalbumose  by  sodium  chloride  and  acid,  deuteroalbumose 
alone  is  ])recipitated  by  addition  of  the  ammonium  salt.  As,  how- 
ever, we  had  accomplished  a  separation  of  the  different  globulose 
bodies  in  another  manner,  it  seemed  unnecessary  to  use,  in  addition, 
the  new  method. 

Globulin. 

From  the  list  of  albuminous  bodies  which  occur  in  sufficient  quan- 
tity, and  which  at  the  same  time  admit  of  isolation  without  too  great 
difficulty  we  have  chosen  for  our  first  study,  globulin.  The  substance 
was  prepared  from  the  serum  of  ox  blood  by  the  method  of  Haramar- 
sten,  in  which  repeated  quantities  of  fresh  serum  were  treated  with 
an  excess  of  crystallized  magnesium  sulphate  at  a  temperature  of 
30°  C.  The  precipitate  so  obtained  was  colle(aed  on  a  filter,  washed 
with  a  saturated  solution  of  the  salt,  pressed,  dissolved  in  water,  and 
reprecipitated  a  second  time  by  the  addition  of  magnesium  sulphate. 
The  precipitate  was  then  dissolved  in  water,  a  little  thymol  added, 
and  the  solution  dialyzed  in  running  water  in  order  to  remove  the 
magnesium  salt.  The  final  solution  was  then  concentrated  at  40°  C, 
after  which  the  globulin  was  precipitated  with  alcohol,  washed  with 
alcohol  and  finally  extracted  with  ether.  The  substance  so  prepared, 
and  which  still  contained  some  magnesium  sulphate,  was  employed 
in  the  digestion  experiments.  A  portion  of  the  prepamtion,  dried 
at  110°  C.  in  vacuo,  gave  by  analysis  the  results  contained  in 
the  following  table.  The  methods  of  analysis  were  the  same  as 
those  employed  in  our  previous  work.* 

*  Compare  Zeitschrift  fiir  Biologie,  Band  xx.  p.  11,  and  Aroer.  Chem.  Jour.,  rol 
vi,  p.  3. 
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Digestion  of  Globulin, 
The  preparation  proved  to  be  extremely  difficult  of  digestion ;  this 
fact,  however,  enabled  us  to  remove  from  the  globulin  the  magnesium 
sulphate  still  remaining,  since  the  large  quantity  of  dilute  hydro- 
chloric acid  added  with  the  small  amount  of  pepsin,  failed  at  first  to 
dissolve  any  of  the  albuminous  matter.  The  undigested  residue  was 
then  finally  treated  with  an  artificial  gastric  juice  much  richer  in 
pepsin.  250  grams  of  the  powdered  globulin  were  at  first  warmed 
with  5  Hires  of  0*2  per  cent,  hydrochloric  acid  for  24  hours,  whereby 
the  substance  swelled  up  to  double  its  former  bulk,  but  only  a  trace 
was  dissolved  ;  barely  enough  for  a  filtered  portion  to  give  with 
nitric  acid  and  heat  a  slight  turbidity.  By  the  addition  of  200  c.c. 
of  normal  gastric  juice*  to  the  swollen  mass  and  warming  it  at 
40°  C.*for  24  hours  longer,  the  albuminous  matter  was  not  appreci- 
ably changed  ;  a  filtered  portion,  however,  became  turbid  on  neu- 
tralization and  a  small  amount  of  albumose  could  be  detected  both 
with  sodium  chloride  and  with  nitric  acid.  The  entire  mass  of  swollen 
globulin  was  then  collected  on  a  cloth  filter,  washed  thoroughly  with 
.  0*2  per  cent,  hydrochloric  acid  and  warmed  again  at  40°  C.  for  six 
days  with  4  litres  of  a  particularly  active  gastric  juice,  contain- 
ing 04  per  cent,  hydrochloric  acid  and  0*45  per  cent,  of  solid  matter. 
By  this  last  treatment,  a  large  amount  of  globulin  was  dissolved. 
As  the  digestive  mixture  would  not  filter  through  cloth  it  had  to  be 
neutralized  directly  with  sodium  hydroxide,  which  gave  an  abundant 
neutralization  precipitate  of  so-called  parapeptone,  easily  collected, 
and  from  which  the  fluid  filtered  perfectly  clear.  In  order  to  obtain 
more  material  for  study,  the  neutralization  precipitate,  together  with 
the  unaltered  globulin,  was  treated  a  second  time  with  3  litres  of  the 
same  active  gastric  juice  for  several  days,  by  which  the  amount  of 
globulin  was  reduced  more  than  half,  as  shown  by  repeated  neutrali- 
zation. 

The  two  neutralized,  digestive  fluids  obtained  in  this  manner,  were 
alike  in  all  respects ;  noticeably  so  in  the  remarkable  fact  that  when 
weakly  alkaline,  they  became  turbid  at  53°  C,  which  turbidity 
increased  as  the  solutions  were  heated  to  boiling.  Furthermore, 
when  made  faintly  acid,  heat  produced  in  both  solutions  an  abundant 
flocculent  precipitate  which  had  the  properties  of  coagulated  albu 
min.  This  coagnluni  from  digested  globulin  was  purified  by  succes- 
sive washings  with  boiling  water,  alcohol  and  ether.  The  following 
table  shows  the  composition  of  the  substance. 

♦  See  Zeitschrif  t  f  lir  Biologie,  Band  xix,  p.  1 84. 
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Olobulose  bodies. 

After  removal  of  the  above  mentioned  coagulum,  the  solution  re- 
mained perfectly  clear  at  all  temperatures  up  to  100"  C,  even  when 
rendered  more  strongly  acid  and  also  on  subsequent  neutralization. 
On  the  addition  of  nitric  acid,  however,  to  the  cold  solution,  a  pre- 
cipitate was  formed  which  disappeared  on  the  application  of  beat, 
reappearing  as  the  mixture  became  cool. 

Crystals  of  salt  alone,  produced  a  heavy  precipitate  in  the  solution, 
while  salt  and  acetic  acid  gave  a  still  further  precipitate,  and  when 
these  reagents  failed  to  cause  any  further  precipitation,  nitric  acid  or 
metaphosphoric  acid  would  still  give  a  noticeable  turbidity. 

In  order  to  separate  the  globulose  bodies  from  one  another,  the 
entire  solution  was  concentrated  on  a  water  bath  to  the  consistency 
of  a  thin  syrup  and  then  rubbed  up  in  a  mortar  with  salt  in  sub- 
stance (the  fluid  being  perfectly  neutral),  complete  saturation  being 
insured  by  long  standing  with  an  excess  of  salt  crystals.  The  pre- 
cipitate so  formed  being  separated  by  filtration,  the  filtrate  was  par- 
tially precipitated  by  the  cautious  addition  of  30  per  cent,  acetic  acid 
saturated  with  salt,  whereby  a  mixture  of  proto-  and  deutero- 
globulose  was  separated.  After  removal  of  this  precipitate  the 
filtrate  was  finally  treated  with  more  of  the  above  acetic  acid  until 
nothing  further  was  precipitated. 

The  various  precipitates  were  then  subjected  to  strong  pressure  to 
remove  as  much  of  the  salt-saturated  fluid  as  possible,  then  dissolved 
in  water  and  dial y zed  for  the  complete  removal  of  the  salt  and  to 
separate  heteroglobulose. 

Protoglobulose, 

This  body,  precipitable  by  sodium  chloride  alone,  was  purified  by 
saturating  the  first  dialyzed  solution  again  with  salt,  then  dialyzing 
a  second  time  under  repeated  changes  of  reaction,  by  the  alternate 
addition  of  acetic  acid  and  sodium  carbonate  and  finally  by  neutral 
reaction,  until  all  chlorine  was  removed  from  the  solution  and  the 
admixed  heteroglobulose  completely  separated.  The  clear  filtere<i 
fluid  was  then  concentrated,  after  which  the  protoglobulose  was  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  ether  and  so  ob- 
tained as  an  almost  white  powder.  The  substance,  so  prepared,  gave 
when  rubbed  up  with  cold  water,  a  filtrate  not  quite  clear  and  with  a 
noticeably  alkaline  reaction.  It  differed  from  a  solution  of  proto- 
albumose  from  fibrin  in  one  respect,  viz  :  that  on  boiling  in  the  pres- 
ence of  a  small  amount  of  sodium  chloride  it  became  quite  turbid. 
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the  turbidity,  however,  disappearing  completely  as  the  Holution  be- 
came cool,  (the  opposite  of  the  albnmose  reaction  :  compare  Zeitschrift 
for  Biologie,  Band  xx,p.  45).  We  think  it  may  be  assumed  that  this 
sinule  deviation  from  the  reactions  of  fibrin-protoalbumose  is  not 
due  to  the  presence  of  impurities  (heteroglobulose,  etc.),  because  no 
heteroglobniose  whatever  separated  from  a  portion  of  the  sample, 
even  after  dialyzing  a  week  longer.  If  the  solution  was  made  even 
very  slightly  acid  or  alkaline,  the  turbidity  did  not  then  occur  on 
heating.  Further,  the  small  content  of  ash  (0*4  per  cent.),  which  con- 
sisted only  of  calcium  sulphate  with  a  trace  of  ferric  oxide,  testifies 
to  the  parity  of  the  preparation  and  the  completeness  of  the  dialysis. 
The  preparation  was  analyzed  with  the  results  shown  in  the  accom- 
panying table. 

Deuteroglohulose, 

This  body  is  about  as  difficult  to  purify  from  the  preceding  one  as 
deateroalbumose  from  protoalbumose.  We  succeeded,  however,  in 
separating  it  by  rejecting  the  first  portions  of  the  precipitate  pro- 
duced by  acetic  acid  and  sodium  chloride  and  using  only  the  last 
portions  precipitated ;  or  after  the  acetic  •  acid  failed  to  give 
any  farther  precipitate,  by  using  the  small  precipitate  produced 
by  the  moderate  addition  of  alcohol.  This  last  precipitate  naturally 
enclosed  considerable  sodium  chloride,  but  the  deuteroglobulose 
was  obtained  perfectly  pure  after  removing  the  salt  by  dialysis, 
since  the  globulose  solution,  even  when  noticeably  acid,  gave 
no  turbidity  whatever  on  the  addition  of  salt  in  substance.  The 
quantity,  however,  was  unfortunately  too  small  for  analysis.  It  suf- 
ficed only  for  determining  the  reactions,  which  agreed  with  those  of 
the  substance  obtained  by  the  later  precipitation  with  acetic  acid 
except  in  one  particular,  viz :  that  the  latter  preparation  in  a  neutral 
or  slightly  alkaline  solution  showed  an  extremely  slight  turbidity  on 
the  addition  of  crystals  of  sodium  chloride.  All  other  reactions  were 
identical  and  corresponded  so  completely  with  those  of  deutero- 
albumose  that  it  is  only  necessary  to  call  attention  to  the  latter  (see 
Zeitschrift  fflr  Biologie,  Band  xx,  pp.  26-28,  or  Araer.  Chem.  Jour., 
ToL  vi,  pp.  46-47)  and  to  especially  mention  the  non-precipitation  of 
deuteroglobulose  in  a  solution  free  from  salt,  by  nitric  acid  in  any 
quantity  and  at  any  temperature. 

Since  no  heteroglobulose  whatever  separated  from  the  solution  of 
the  last  acetic  acid  precipitate  during  dialysis,  even  with  repeated 
change  of  reaction,  the  substance  was  therefore  prepared  for  analysis, 
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8imply  by  concentration  of  the  solution  freed  from  chlorine,  pre- 
cipitation with  alcohol  and  washing  with  ether.  The  ash  (1-17  per 
cent.)  consisted  only  of  calcium  phosphate  and  a  trace  of  sulphate. 

Heteroglobidose, 

This  body  was  obtained  from  the  gummy  precipitate  which  sepa- 
rated, during  dialysis,  from  the  solution  of  the  first  precipitate 
thrown  down  from  the  neutralized  digestive  fluid  by  salt  alone. 
The  sticky  mass  was  separated  from  the  sides  of  the  parchment 
tubes,  dissolved  in  sodium  chloride  of  from  3  to  5  per  cent.,  repre- 
cipitated  by  saturation  of  the  solution  with  salt,  the  precipitate  again 
dissolved  in  dilute  salt  solution  and  the  substance  finally  separated 
by  long  continued  dialysis  in  running  water.  After  thorough  wash- 
ing with  water,  alcohol  and  ether  it  appeared  as  a  light,  white 
powder,  not  unlike  heteroalbumose  in  general  behavior  and  reac- 
tions. After  each  precipitation  and  treatment  with  dilute  sodium 
chloride,  heteroglobnlose  left  a  residue,  which  like  dysalbumose  was 
readily  soluble  only  in  dilute  acids.  From  the  following  analysis 
it  is  to  be  seen  that  the  preparation,  in  spite  of  its  long  continued 
and  repeated  dialysis,  contained  2*03  per  cent,  of  ash,  which  con- 
sisted mainly  of  calcium  carbonate  with  a  small  amount  of  phos- 
phate and  sulphate. 

The  composition  of  the  three  globulose  bodies  shows  the  same 
slight  difiTerences  as  noticed  in  the  case  of  the  various  albumose 
bodies  (from  fibrin).  Unlike  the  latter,  however,  the  content  of  car- 
bon in  the  globulose  bodies  never  falls  below  51  per  cent.,  and  fur- 
thermore it  is  always  higher  than  that  of  the  globulin  from  which  the 
globulose  was  derived.  The  percentage  of  nitrogen,  which  in  the 
albnmose  bodies  was  found  a  little  higher  than  in  fibrin,  exceeds  that 
of  the  globulin  more  yet,  in  some  cases  by  more  than  1  per  cent., 
and  the  same  holds  true  of  the  percentage  of  sulphur.  In  contrast 
to  the  albnmose  bodies,  the  percentage  composition  of  the  globulose 
bodies  gives  no  grounds  whatever  for  the  assumption  that  they  arise 
Irom  the  digested  globulin  by  simple  hydration.  It  must  not  be  for- 
gotten, however,  that  the  digestion  of  globulin  by  gastric  juice  is  a 
process  quite  different  from  that  of  fibrin  digestion  and  one  hitherto 
much  less  clearly  understood,  since  besides  the  globulose  bodies 
there  is  formed  a  large  quantity  of  a  substance  which  is  separated  by 
boiling  and  which  resembles  ordinary  coagulated  albumin.  Some- 
thing similar,  indeed,  has  been  known  ever  since  Brdcke's  study  of 
fibrin  digestion,  but  it  has  long  been  accepted  that  the  coagulum 


216     Kilhne  and  Chittenden-— Qlohtdin  and  Glohulo8e,BoMei, 


*  ^M  a 
o  g  +  2 


o     o     o 


^       >R 


2 
I  i 


fcj  «fi  9^  9^  "Js  >^'  5 

►    >S    ii   «Q  ^  Js    ^ 


oil 


m 


6     6 


o 

.  I  .  t*  • 

s* 

,   ,  .  ^  . 

•fe 

•*a 

1 

:   :   :S  : 

1 

I       I       .   r^      1 

V 

,«* 

3 

"fe" 

i  :s  ■■  i 

$ 

.    .  *fl    ' 

.1 

1-4 

^ 

s 

1 

1     lb    ;   • 

I 


^    .      '    o      0» 


^  coo 


^    3    to 


O 

55 


ooooooooo 


3  ^   ^   f:: 


f    g    a 


Kt^ne  and  Chittenden — QlobtUin  and  Globulose  Bodies.     217 


co\«. 

i     i     i 

: 

8     i     i 

t'5<=> 

^•-S2; 

•     •     1 

CQ 

«           • 

i     !    ; 

O 

•   » 

0» 

1 

55>«- 

12 

1 

•          1           1 

'  S  29  9P 

>^    Oi    <^ 


£8 

,' 

I 

764-5' 

Oi 

•H 

0 

3 

, 

, 

o 

o       •       •       •       • 

^ 

H'-> 

I 

• 

s 

o»     :     :     .'     : 

>5 

o 

▼")     I     1     i     • 

O 

; 

; 

^ 

^     :     ;     :     : 

o 

• 

5 

5     •     •     =     ■ 

0>R 

o 

to 

;- 

1         •         •         I         1 

EC  >K. 


5 
s 


«  3  fc  «^  ^  ^ 


I 


00 

0) 


§ 

C) 


:  ;g 


f    g§ 


Oa^QQO 


Tbass.  Ck)SN.  Acad.,  Vol.  VII. 


28 


Nov.,  1886. 


218     Kuhne  and  Chittenden — Qlohidin  and  Globulose  Bodies. 


obtained  by  Brftcke  on  boiling  the  neutralized  digestive  fluid,  arose 
from  the  globulin  present  in  the  fibrin  employed,  which  had  not  been 
previously  washed  with  salt  water.  Globulin,  moreover,  yields  this 
body  in  much  greater  quantity,  even  after  several  days'  exposure  to 
the  action  of  an  energetic  gastric  juice  and  it  was  still  found  abund- 
antly among  the  products  of  a  second  digestion  of  the  first  neutral- 
ization precipitate. 

Comparison  of  the  Analyses. 
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In  this  review  of  the  composition  of  globulin  and  of  the  products 
of  its  digestion  we  have  included  also  an  analysis  of  fibrin,  of  a 
fibrin-albumose  and  of  hemialbumos<^  from  the  urine  of  a  person 
with  osteomalachia. 

We  call  attention  again  to  the  latter  because  its  surprising  corre- 
spondence, especially  to  heteroglobulose,  appears  to  confirm  the  be- 
lief, expressed  in  our  former  paper  ihat  the  Jifierence  in  the  albumow 
from  urine  and  that  from  fibrin  depends  on  the  formation  of  the 
former  from  an  albuminous  body,  whose  digestion,  at  least  as  regards 
the  formation  of  albumose  bodies,  was  then  unknown,  and  for  which 
we  had  already  turned  to  globulin. 

In  order  to  gain  further  information  concerning  the  cleavage  of 
globulin  in  the  process  of  digestion,  the  remaining  material  was  used 
in  the  following  experiments.. 

1.  Heteroglobulose  dissolved  in  0-3  per  cent,  sodium  carbonate 
and  warmed  at  40**  C.  for  fourteen  days  with  pure  trypsin  (with  the 
addition  of  thymol,  as  usual)  remained  perfectly  clear,  even  after 
neutralization,  and  failed  to  yield  afterwards  any  body  resembling 
antialbumid.  Among  the  products  of  the  digestion,  there  was  found 
in  addition  to  an  abundance  of  antipeptone,  only  a  trace  of  leucin,  no 
tyrosin  whatever,  while  with  bromine   water  the  alcoholic  extract, 


*  Compare  Zeitschrift;  fiir  Biologie,  Band  xix,  p.  202. 
%  According  to  Hammarsten. 


t  Ibid.,  Band  xx,  p.  40. 
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which  had  been  dissolved  in  water  after  driving  off  the  alcohol, 
became  simply  a  little  darker,  but  not  rose-colored  or  violet.  Hence 
heteroglobulose  is  to  be  considered  as  belonging  to  the  anti  group. 

2.  Protoglobulose,  which  still  contained  some  heteroglobulose, 
when  treated  in  the  same  manner  with  trypsin,  behaved  similarly 
but  afforded  besides  an  abundance  of  ieuciii,  also  some  ty rosin  and 
an  extract  which  became  deep  violet  on  the  addition  of  bromine 
water.  Hence  protoglobulose  gives  evidence  of  belonging  to  the 
hemi  group. 

Finally,  we  submitted  to  the  digestive  action  of  trypsin  the  third 
and  fifth  precipitates  (so-called  parapeptone)  which  were  separated 
in  continually  decreasing  quantities  by  neutralization,  after  renewed, 
energetic  pepsin  digestion  of  the  original  globulin.  Both  failed  to 
yield  any  coagulum  during  their  digestion  with  0*3  per  cent,  sodium 
carbonate,  and  after  the  trypsin  had  acted  for  fourteen  days,  neu- 
tralization with  acetic  acid  yielded  a  heavy  precipitate,  while  consid- 
erable antipeptone  was  found  in  the  solution.  Although  the  diges- 
tion of  the  third  neutralization  precipitate  still  afforded  a  trace  of 
leucin  and  ty  rosin  without  giving  any  reaction  with  bromine,  no 
leucin,  tyrosin  or  a  substance  colored  by  bromine  water  could  be 
obtained  from  the  precipitate  separated  after  the  fifth  pepsin  diges- 
tion. 

Hence  globulin,  like  fibrin  and  other  albuminous  bodies,  yields  dur- 
ing pepsin  digestion  at  the  last  only  bodies  of  the  anti  group,  which 
are  peptonized,  though  slowly,  by  trypsin,  but  yield  no  further  cleav- 
age products. 


XV. — Peptones.     By  W.  KtfHNE  and  R.  H.  Chiitendkn. 

Since  there  has  been  discovered  in  neutral  ammonium  sulphate  a 
means  for  the  complete  precipitation  of  the  albumose  bodies,  we 
have  been  induced  to  take  up  anew  our  former  investigations  on  the 
behavior  and  composition  of  pept6nes.  As  these  latter  bodies  are 
not  precipitated  by  the  ammonium  salt,  we  had  expected  to  obtain 
peptones  free  from  the  primary  cleavage  products  of  albumin  and 
thereby  advance  another  step  in  our  knowledge  of  the  definite  prod- 
ucts of  the  proteolytic  action  both  of  pepsin  and  of  trypsin.  Re- 
newed investigation  was  demanded  by  the  probability  that  hitherto 
pepsin-peptones  entirely  free  from  albumose  have  never  been  ob- 
tained, for  such  peptones  as  are  to  be  found  in  commerce  or  in  the 
hands  of  the  most  careful  investigator  of  gastric  digestion  can 
readily  be  shown  to  contain  albumose  by  saturating  a  solution  of 
the  preparation  with  animonium  sulphate.  There  will  result  an 
abundant  precipitate  of  albumose  and  a  surprisingly  small  residne 
of  non-precipitated  pep* ones  or  the  entire  absence  of  such  a  residue. 
Only  antipeptone  obtained  by  trypsin  digestion  will  occasionally 
form  an  exception,  and  even  then  in  most  cases  we  cannot  but  doubt 
that  the  peptones  so  formed  are  wholly  free  from  albumose. 

In  order  to  be  certain  of  the  presence  of  peptones  in  a  digestive 
fluid,  it  must  be  made  slightly  acid  with  acetic  acid,  rubbed 
up  with  ammonium  sulphate  till  saturated  and  then  filtered  from 
the  excess  of  salt  and  the  albumose  precipitate.  If  the  filtrate 
is  thereupon  treated  with  a  large  excess  of  strong  sodium  hydrox- 
ide and  then  a  few  drops  of  very  dilute  cupric  sulphate  be  added, 
the  appearance  of  the  rosy  red  color  of  the  biuret  reaction  will 
indicate  the  presence  of  peptones.  If  peptones  are  absent  the 
fluid  will  be  pure  blue  without  a  tinge  of  violet,  since  the  solution 
can  contain  no  other  albuminous  body.  Even  after  an  apparently 
energetic  pepsin  digestion  the  latter  result  is  not  at  all  rare,  and  a 
heavy  precipitate  by  the  ammonium  salt  is  so  frequently  seen,  that  it 
is  still  to  be  doubted  whether  there  is  a  pepsin-acid  digestion  which 
causes  the  disappearance  of  all  albumose.  On  the  contrary,  the  albu- 
mose precipitate  after  a  sufficiently  long  and  energetic  trypsin  diges- 
tion is  very  slight  and  peptone  is  to  be  found  abundantly  in  the 
solution. 
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We  have  endeavored  to  prepare  pure  peptones  in  qnantity  trom 
the  solution  saturated  with  ammonium  sulphate.  For  this  purpose 
the  solution  was  first  freed  from  the  greater  part  of  the  salt  by  con- 
centration and  crystaUization.  During  this  process  a  small  amount 
of  a  nitrogenous  substance  separated,  perhaps  albumose  formed 
again  from  peptones  when  the  solution  was  vigorously  boiled  and 
the  temperature  rose  to  110°  C.  The  mother  liquor,  after  suitable 
dilution,  was  boiled  with  hot  saturated  baryta  water  until  all  ammonia 
was  expelled,  during  Wiiich  operation  the  precaution  was  taken  to 
use  no  excess  of  barium  hydroxide  and  thus  decompose  the  peptones. 

From  time  to  time,  therefore,  portions  were  filtered,  tested  for 
sulphate,  and  when  this  became  small  in  amount  the  last  portions  of 
sulphuric  acid  were  removed  by  barium  carbonate.  From  the  fil- 
trate, which  always  contained  much  barium,  the  latter  was  entirely 
removed  by  dilute  sulphuric  acid,  either  immediately  or  after  a  pre- 
vious purification  of  the  barium  peptone  compound.  The  peptones 
were  then  precipitated  with*alcohol  and  occasionally  further  purified 
with  phosphotungstic  acid.  Naturally  the  large  amount  of  ammo- 
nium sulphate  to  be  removed  formed  a  correspondingly  troublesome 
qnantity  of  barium  sulphate,  which  could  be  handled  only  in  large 
filtering  bags,  and  occasioned  a  large  loss  of  peptone  in  spite  of  a 
most  careful  washing  of  the  precipitate  with  boiling  water  and  the 
application  of  pressure.  On  evaporating  the  peptone  solution,  which 
contained  but  little  salt,  no  resinous  precipitate  resembling  albumose 
was  to  be  seen. 

1.  Amphopeptone. 

We  have  designated  as  amphopeptone  the  end  product  of  the 
digestion  of  albumin  by  pepsin  and  acid.  The  first  attempt  to  obtain 
this  peptone  free  from  albumose  and  in  a  quantity  in  some  degree 
proportionate  to  our  wants,  showed  us  that  there  was  needed  not 
only  the  most  active  digestive  fluid  possible  and  long  exposure  to  a 
temperature  of  40°  C.  but  also  a  very  large  amount  of  pepsin.  Such 
a  quantity  of  the  ferment  could  be  procured,  however,  only  by  first 
dissolving  considerable  quantities  of  the  mucous  membrane  of  the 
stomach  in  acid ;  quantities  which  must  be  taken  into  consideration, 
in  addition  to  the  fibrin  to  be  digested,  since  something  is  formed  in 
the  self-digestion  of  the  mucous  membrane  which  necessarily  remains 
mixed  with  the  peptone.  It  is  known  that  mistakes  have  already 
been  committed  by  not  distinguishing  the  products  arising  from 
the  material  of  the  mucous  membrane,  from  those  derived  from  the 
digested  substance.     For  example,  Hoppe-Seyler's  erroneous  asser- 
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tion  that  pepsin  digestions  yield  leucin  and  tyrosin,  rests  wholly 
upon  this  circumstance,  for  since  the  digestion  of  the  mucoas  mem- 
brane always  commences  with  the  disappearance  of  a  mucilaginoas 
substance,  the  derivatives  of  the  latter  must  necessarily  be  expected 
in  the  resultant  solution.  Probably  for  this  reason,  artificial  gastric 
juice  which  has  been  prepared  from  mucous  membrane  and  is  no 
longer  mucilaginous,  gives  a  precipitate  when  treated  with  alcohol 
which  differs  much  from  the  precipitates  of  albumose  and  peptone  io 
being  almost  as  elastic  as  rubber  and,  as  a  rule,  forming  when  shaken, 
a  single  ball  in  which  the  pepsin  is  then  ordinarily  inclosed.  We 
have  not  yet  examined  this  substance  closely,,  since  in  the  course  of 
the  investigations  to  be  described,  another  more  suitable  method  for 
precipitating  and  isolating  the  ferment  has  been  discovered.  We 
shall  designate  this  elastic  body  for  convenience,  mucin-peptone. 
This  mucin-peptone  might  possibly  conceal  the  whole  amount  of  pep- 
tone expected  from  the  digested  fibrin,  or  remain  mixed  with  the 
latter  in  considerable  quantity.  Jn  spite  of  this  objection,  which  we 
at  no  time  lost  sight  of,  we  prepared  a  quantity  of  fibrin-peptone 
without  attempting  to  remove  or  to  prevent  the  mixture  in  question. 
The  observations  made  by  Dr.  Pollitzer*  in  the  Physiological  Insti- 
tute at  Heidelberg,  on  the  influence  of  pepsin-peptone  free  from  albu- 
mose on  coagulation  of  the  blood,  were  performed  with  such  ampho- 
peptone,  which  is  not  perfectly  pure. 

Supported  by  the  following  analyses  of  this  peptone  in  our  pre- 
sumption that  it  was  rendered  impure  by  mucin-peptone,  we  sought  t 
process  that  would  exclude  this  impurity.  This  was  found  almost  of 
itself  after  we  had  noticed  that  ammonium  sulphate  invariably 
precipitated  from  the  acid  solutions,  in  addition  to  albumose,  the 
entire  quantity  of  active  pepsin.  While,  therefore,  nothing  capable 
of  digestion  with  acids  could  in  any  way  be  obtained  from  the  fil- 
trates, an  exceedingly  active  juice  was  formed  by  dissolving  the  pre- 
cipitate in  dilute  hydrochloric  acid.  Hereafter,  we  accordingly  pre- 
pared the  strong  pepsin  solution,  by  simply  precipitating  large  quan- 
tities of  very  concentrated  gastric  juice  containing  0'6  per  cent 
hydrochloric  acid  with  ammonium  sulphate  and  dissolving  the  resin- 
ous precipitate,  which  did  not  contain  an  objectionable  quantity 
of  albumose  bodies,  in  fresh  dilute  acid.  By  this  means  the 
mucin-peptone  was  gotten  rid  of,  since  it  could  not  be  precipitated 
by  ammonium  sulphate  and  thus  a  new  method  was  found  for  prepar- 
ing and  isolating  pepsin,  which  we  shall  enter  upon  at  another  time 

*  Verhandl.  d.  Naturhist.  mod.  Vereia  zu  Heidelberg,  N.  F.  Ill,  p.  293. 
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1 .  Ampkopeptone  prepared  with  ordinary  gastric  juice. 

Gastric  jaice,  prepared  from  145  grains  of  isolated  mucous  mem- 
brane from  the  fundus  of  pigs'  stomachs  by  two  days  self-digestion 
in  two  litres  of  0*4  per  cent,  hydrochloric  acid,  was  added  to  586 
grams  of  well  washed  and  boiled  fibrin,  previously  swollen  in  four 
litres  of  acid  of  the  same  strength  and  the  whole  warmed  for  two 
days  more  at  40"  C.     The  thin  fluid-like  mixture  so  obtained,  was 
Deotralized  with  sodium  hydroxide  and  then  filtered  from  the  undis- 
solved residue  of  the  mucous  membranes  (nuclei  of  the  gland  cells) 
and  the  slight  neutralization  precipitate.     After  being  made  slightly 
acid  with  acetic  acid,  the  fluid  was  heated  to  boiling,  evaporated  to 
two  litres,  then  saturated  with  neutral  ammonium  sulphate,  separated 
from  the  slight  coagulum  and  precipitated  albumose,  again  concen- 
trated to  one  litre  and  freed  from  a  large  portion  of  the  ammonium 
salphate  by  crystallization  at  O*'  C.     In  order  to  still  further  separate 
the  salt,  the  solution  was  treated  with  one  litre  of  absolute  alcohol, 
again  placed  in  the  cold,  and  finally  strained  through  linen  to  remove 
the  fine  powdery  salt,  which  was  wholly  free  from  precipitated  pep- 
tone.   After  having  been  freed  from  alcohol,  by  vigorous  boiling  and 
concentration  to  the  consistency  of  syrup  and  from  much  salt  by 
crystallization,  the  thick  fluid  was  filtered  by  suction,  boiled  after 
much  dilution  with  a  large  amount  of  barium  carbonate  until  the 
odor  of  ammonia  had  vanished.     From  the  solution,  separated  from 
the  barium  sulphate  and  again  much  concentrated,  alcohol  precipi- 
tated the  peptone  as  a  barium  compound  which  could  be  freed  from 
salts  (especially  sodium  chloride)  by  repeated  precipitation  and  boil- 
ing with  alcohol.      Finally  the  barium-peptone  was  decomposed  as 
much  as  possible  with  dilute  sulphuric  acid.     As  was  seen  later  from 
the  concentrated  peptone  solution,  there  remained  dissolved  a  trace 
of  sulphuric  acid,  but  only  enough  to  make  the  fluid  assume  a  slight 
opalescence  after  boiling  with  barium  chloride  and  hydrochloric  acid. 
An  attempt  was  made  to  purify  the  isolated  peptone  by  evaporating, 
precipitating  with  alcohol,  dissolving  in  water  and  reprecipitating 
with  alcohol.     This  did  not  succeed  well,  as  shown  later  by  the  high 
percentage  of  ash.     By  drying  first  on  a  water  bath,  then  in  an  air 
bath  at  105"  O.    with  frequent  stirring,   which    destroyed  the  firm 
resinous  surface,  the  peptone  gradually  became  solid,  and  changed 
to  a  puffed  up  mass.     The  resulting  product  could  be  ground,  when 
cold,  to  a  light,  very  hygroscopic  powder  and  weighed  in  this  condi- 
tion 25  grams. 
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In  an  attempt  to  dry  the  substance  for  analysis,  during  which  the 
temperature  was  allowed  to  rise  to  110°  C.  it  was  found  impossible 
to  obtain  a  constant  weight,  perhaps  on  account  of  decomposition 
setting  in,  as  suggested  by  an  unpleasant  odor  which  had  begun  to 
develop  while  on  the  water  bath.  Portions  of  8-10  grams  lost  daily 
0'03-0-04  gram.  The  analyses  were  accordingly  made  only  after 
drying  many  days.  Portions  purified  with  alcohol,  dissolved  in 
boiling  water  with  addition  of  hydrochloric  acid,  gave  no  reaction  to 
be  distinguished  when  heated  with  barium  chloride. 

Carbon,  hydrogen  and  nitrogen  were  determined  as  before,  the 
sulphur  by  a  method  already  used  by  us  to  some  extent,*  viz ;  by 
fusion  with  potassium  hydroxide  and  potassium  nitrate  according  to 
the  method  distinguished  by  Hammarsten  as  la.f 

The  results  of  the  analysis  (Amphopeptone  A),  shown  by  the 
following  table,  were  hardly  satisfactory  and  the  low  percentage  of 
carbon,  particularly,  was  quite  a  surprise  to  us,  hence  we  proceeded 
at  once  to  the  previously  mentioned  preparation  of  a  peptone,  which 
would  probably  be  rendered  less  impure  by  derivatives  of  the 
mucous  membrane  and  which  would,  moreover,  be  easier  to  purify 
further. 

2.  A7nphopept07ie  prepared  with  purified p^sin. 

Preparation  of  the  pepsin, — 1220  grams  of  isolated  mucous  mem- 
brane from  the  fundus  of  ten  pigs'  stomachs  were  warmed  at  40*  C. 
with  seven  litres  of  0*5  per  cent,  hydrochloric  acid  for  six  days.  The 
mixture  was  then  saturated  directly  with  ammonium  sulphate,  by 
which  a  resinous  precipitate,  with  large,  sticky  lumps  was  formed, 
easily  collected  on  a  cloth  filter.  After  pressing  out  the  salt  solu- 
tion as  much  as  possible  and  washing  with  water,  the  gummy  mass 
was  dissolved  in  five  litres  of  0*4  per  cent,  hydrochloric  acid  and 
warmed  again  at  40°  C.  for  a  few  days.  Then  for  the  first  time  it 
was  filtered  through  paper.  As  preliminary  experiments  had  shown 
that  gastric  juice  which  contains  small  quantities  of  ammonium  sul- 
phate molds  easily,  the  second  digestion  and  the  following  fibrin 
digestion  were  carried  on  in  the  presence  of  0  25  per  cent,  of  thymol, 
which  wholly  prevented  the  formation  of  mold.  The  mass  sub- 
mitted for  the  second  time  to  self-digestion,  gave  now  with  the  ammo- 
nium salt  a  much  smaller  precipitate,  which  contained  only  a  very 


*  Compare  our  earlier  papers.     Zeitechrif t  fiir  Biologie,  vols,  xix  and  xx. 
f  Zeitschrift  fiir  physiol.  Chem.,  vol.  Ix,  p.  288. 
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small  araoant  of  albumose  bodies,  while  a  portion  digested  as  a  test 
for  the  third  time,  gave  in  the  filtrate  from  the  precipitate  produced 
by  the  ammonium  salt,  so  faint  a  biuret  reaction  for  peptones  that  it 
was  plainly  evident,  that  the  slight  residue  of  albumins  from  the 
mucous  membrane  now  remaining,  could  be  overlooked  without 
danger. 

Digestion  of  the  fibrin, — 3800  grams  of  washed  but  not  boiled 
fibrin  were  digested  with  the  twice  precipitated  pepsin,  which 
was  dissolved  in  ten  litres  of  0*4  per  cent,  hydrochloric  acid.  To 
obtain  as  little  albumose  and  as  much  peptone  as  possible,  the  mix- 
ture was  allowed  to  remain  at  37*-40*  C.  for  two  weeks.  At  the  end 
of  that  time,  filtered  portions  gave  only  slight  precipitations  by  neu- 
tralization, but  a  heavy  precipitate  was  obtained  with  ammonium 
sulphate,  with  sodium  chloride,  with  sodium  chloride  and  acetic  acid, 
and  still  further  by  sodium  chloride  and  nitric  acid  or  metaphos 
phoric  acid.  Nevertheless  the  filtrate  saturated  with  ammouium 
sulphate  contained  much  peptone.* 

Preparation  and  purification  of  the  peptone, — For  this  purpose  the 
filtrate  was  neutralized  with  sodium  hydroxide,  filtered  through 
linen,  especially  for  removing  the  impurities  of  the  fibrin,  the  filtrate 
slightly  acidified  with  acetic  acid,  concentrated  to  about  four  litres, 
precipitated  with  an  excess  of  ammonium  sulphate,  filtered  and 
pressed,  the  solution  boiled  with  barium  hydroxide  and  finally  with 
barium  carbonate  and  a  large  quantity  of  water,  until  ammonia  could 
no  longer  be  detected.  The  barium  sulphate  was  then  removed  by 
filtration  through  cloth  bags  which  were  repeatedly  washed  and 
pressed,  the  solution  evaporated  to  about  four  litres,  the  barium- 
peptone  decomposed  with  a  very  slight  excess  of  sulphuric  acid,  the 
new  precipitate  of  banum  sulphate  filtered  off^,  the  solution  concen- 
trated to  two  litres,  the  i'ree  acid  neutralized  with  ammonia  and  after 
cooling,  six  per  cent.  English  sulphuric  acid  (previously  diluted) 
was  added ;  then  the  sulphuric  acid-peptone  solution  was  precipitated 
with  a  large  excess  of  phosphotungstic  acid,  the  precipitate  washed 
first  with  six  per  cent,  sulphuric  acid,  then  with  a  large  quantity  of 
water,  after  which  the  compound  was  decomposed  with  excess  of 
barium  hydroxide  and  the  excess  completely  removed  from  the  fil- 


*  Later  experiments  have  shown  that  pepsin  acts  much  more  eDergettcaUj  if  the 
ammonium  sulphate  is  completely  removed  by  dialysis,  before  each  new  solution  and 
digestion  of  the  pepsin-containing  precipitate  in  hydrochloric  acid,  and  further,  that 
nearly  pure  pepsin  becomes  wholly  inactive  by  being  warmed  with  dilute  hydrochloric 
acid  iu  the  presence  of  even  small  quantities  of  ammonium  sulphate. 
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trate  with  salphoric  acid.  The  peptone  solution  thus  obtained  had  a 
distinctly  acid  reaction,  and  strange  to  say,  contained  hydrochloric 
acid,  which  was  hardly  to  be  expected  after  the  very  careful  washing 
which  the  precipitate  had  received.  The  solution  was  neutralized 
with  ammonia  to  render  the  acid  harmless  on  concentration.  Then 
we  succeeded  in  obtaining  the  evaporated  residue  free  from  ammo- 
niam  chloride  by  repeated  precipitation  and  boiling  with  alcohol. 

As  already  mentioned,  the  method  gives  rise  to  much  loss  and  the 
same  holds  true  of  the  otherwise  excellent  precipitation  of  peptone 
by  phosphotungstic  acid  according  to  the  method  of  Hofmeister,  for 
80  far  as  our  experience  extends,  peptones  cannot  be  completely  pre- 
cipitated in  this  manner.  There  arises  in  the  filtrate,  containing 
excess  of  phosphotungstic  acid,  not  only  additional  turbidity  and 
precipitation  due  to  peptone,  but  considerable  quantities  of  peptone 
are  still  found  in  the  liquid,  which  has  perhaps  remained  clear  for 
months,  if  treated  vith  barium  hydroxide ; — a  circumstance  which 
we  were  not  able  to  prevent  even  by  strongly  acidifying  the  solu- 
tion to  be  precipitated  with  phosphotungstic  acid,  with  either  sul- 
phuric or  hydrochloric  acid. 

Behavior  of  the  peptone, — This  peptone  was  also  difficult  to  con- 
vert into  a  dry  state,  although  we  did  succeed  ultimately  in  bringing 
it  to  a  constant  weight  as  a  fine,  exceedingly  hygroscopic  powder, 
by  heating  for  sometime  at  105^0.  in  vacuo.  The  first  difficulty 
was  found  in  commencing  the  drying,  for  although  we  treated  the 
glue-like  mass  repeatedly  with  absolute  alcohol,  then  for  a  long  time 
with  ether  and  finally  boiled  it  again  with  alcohol,  thereby  changing 
it  into  an  almost  dry,  crumbling  condition,  we  were  compelled  at  last 
to  stop  its  further  direct  drying,  since  at  100°  C.  the  preparation 
took  on  the  consistency  of  pitch  and  formed  a  bulky  foam  from  which 
alcohol  vapor  continually  escaped.  Therefore  the  alcohol  was  first 
driven  out  by  thorough  boiling  with  water  and  the  latter  removed  as 
much  as  possible  at  100"  C.  This  was  also  a  tedious  performance  for, 
although  the  substance  no  longer  foamed  up  so  violently,  it  did  not 
become  dry  until  after  many  days  of  stirring  and  breaking  the  cover- 
ing which  continually  bubbled  up.  The  same  proceeding  was  re- 
peated, although  in  a  less  degree,  on  transferring  the  substance  to 
the  air  bath  at  105"  C,  and  only  the  single  portions  taken  for  analysis 
could  be  brought  to  a  constant  weight  without  puffing  up  further  at 
105*  C. 

While  drying,  the  unpleasant  odor  noticed  from  amphopeptone  A 
was  also  observed  here,  although  only  in  a  slight  degree. 
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The  peptone  thus  obtained  appears  (when  dried  at  105°  C.)  as  a 
dry,  light  yellowish  powder.  It  can  be  preserved  in  this  form  only 
when  most  tightly  stoppered.  In  the  air  it  soon  forras  large  balls, 
becomes  sticky  like  pitch  and  melts  to  a  tough  mass  which  does  not 
bu€orae  visibly  thinner.  What  is  truly  surprising  is  the  behavior  of 
the  peptone  towards  water.  A  bit  of  the  powder  wet  with  a  nnaU 
iht^p  of  water  hisses  and  steams  like  phosphoric  anhydride  when 
f^ttPtiftenedy  and  when  this,  or  the  powdered  but  not  absolutely  dryprtpa- 
Tift  Ion  which  no  longer  hisses^  is  dissolved  in  wnter^  a  development  of 
hmt  is  to  be  noticed.  We  have  observed  the  same  remarkable  pecu- 
litirity  in  anti-peptone  to  be  described  later. 

Analysis  of  the  preparation  (Amphopeptone  B)  dried  at  105°  C. 
In  vacuOy  gave  the  results  tabulated  in  the  accompanying  table. 

Amphopeptone  {b). 

After  these  results  were  obtained,  an  attempt  was  made  to  reduce 
Liie  ash  content  of  the  preparation  by  repeated  precipitation  with 
aloobol,  which  succeeded  so  well  that  the  substance  when  dried  in 
vi*rHO  over  sulphuric  acid,  later  at  106°  C.  until  of  constant  weight, 
contained  then   2*16  per  cent,  of  ash  instead  of  3*25  per  cent 

L  0-5500  gram  of  this  preparation  gave  0*3400  gram  H,0  =  6'86 

per  cent.  H  and  0*9566  gram  CO,  =  47'43  per  cent.  C. 
IL  0*7121   gram  of  substance  gave  98*4  c.  c.  N  at   16'4®  C.  and 
765-6mm.  pressure  =  16*49  per  cent.  N. 
II L  0*7839  gram  substance  gave  0*0169  gram  ash  =  2*16  per  cent,  of 
ash. 

Therefore  in  the  ash-free  substance  (Amphopeptone  b)  there  are— 

48*47^  C,  7.02^  H,  16*86^  N. 

II.  Antipeptone, 

As  with  amphopeptone,  we  have  formed  in  various  digestion  exper- 
]  rn4.^nts  several  preparations  of  antipeptone  by  the  action  of  trypsin. 
Tiiese  preparations  have  been  studied  both  after  purification  with 
:il^:ohol  and  after  further  purification  with  phosphotungstic  acid,  but 
ill  every  case  after  complete  removal  of  the  albumose  bodies.  We 
liave  not  attempted  to  meet  the  objection  that  the  antipeptone 
r?i  not  formed  exclusively  from  the  digested  fibrin,  but  in  part  from 
tliu  albumins  of  the  pancreas.  This  would  have  necessitated  experi- 
iiH'nts  with  pure  trypsin,  which  seemed  too  costly  to  undertake.  In- 
M*  ad  of  this  we  have  studied  a  peptone  which  we  shall  distinguish 
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a8  gland  peptone^  being  derived  exclusively  from  the  self-digestion  of 
the  albuminous  bodies  of  the  gland  substance,  without  any  addition 
of  fibrin  or  other  albumin. 

How  superior  the  action  of  trypsin  is  to  that  of  pepsin,  is  seen  not 
alone  in  the  total  decomposition  of  hemi  peptone  which  is  aocora- 
plished  only  by  the  former,  but  also  in  the  incomparably  more  rapid 
and  perfect  change  of  albumose  to  peptone.  Hence  the  partico- 
larly  troublesome  and  tedious  treatment  of  antipeptone  with  ammo- 
nium sulphate  may  well  seem  supei-fluous  when  there  is  no  albu- 
mose present.  We  must  however  be  perfectly  sure,  by  a  pre- 
liminary test  with  that  salt,  that  albumose  is  absent  and  its  use  is 
unavoidable  where  impure  trypsin  is  employed  in  large  quantities; 
that  is,  where  an  infusion  of  the  pancreatic  gland  or  the  80*called  arti- 
ficial pancreatic  juice  is  used.  From  the  latter,  ammonium  sulphite 
precipitates  a  mixture  which  contains  besides  unaltered,  highly  active 
trypsin,  whose  isolation  we  propose  later  to  study  in  this  way,  vari- 
ous other  bodies,  such  as  albumose,  whose  removal  is  necessary  in 
the  preparation  of  pure  peptone. 

Antipeptone  (C). 

Preparation  of  the  pancreatic  juice. — 100  grams  of  dried  ox  pan- 
creas, purified  with  alcohol  and  ether,  were  warmed  at  40°  C.  with 
600  c.  c.  of  0*1  per  cent,  salicylic  acid  for  12  hours,  and  filtered 
through  muslin.  The  residue  was  then  mixed  with  500  c.  c.  of  0-25 
per  cent,  sodium  carbonate,  a  little  thymol  added  and  the  mixture 
again  wanned  at  40^*  C.  for  12  hours.  The  acid  solution,  after  it  had 
been  neutralized,  was  brought  to  the  same  degree  of  alkalinity  with 
sodium  carbonate,  a  little  thymol  added  and  also  warmed  at  40°  C. 
for  the  same  length  of  time.  After  filtering  and  pressing  the  residue 
of  tissue,  both  filtrates  were  united.  The  weight  of  the  undissolved 
residue,  dried  at  100°  C,  amounted  as  usual  to  12  grams.  Thus  the 
nuclei  of  the  cells,  the  collagen  and  the  portion  of  elastin  undigested 
under  these  conditions,  is  equal  to  1 2  per  cent,  of  the  dry  pancreas, 
freed  from  fat. 

Digestion  of  thejihritu — 300  grams  of  dry  fibrin,  purified  by  wash, 
ing  and  boiling  with  water,  then  with  alcohol  and  finally  by  extra^ 
lion  with  ether  were  softened  with  boiling  water  (when  the  weight 
amounted  to  970  grams  after  squeezing  with  the  hands),  then 
warmed  at  40°  C.  with  3  litres  of  0*25  per  cent,  sodium  carbonate 
containing  0*5  per  cent,  of  thymol.     To  this  was  added  the  whole 
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infusion  obtained  from  the  88  grams  of  self-digested  pancreas,  after 
which  the  mixture  was  continued  at  40°  C.  for  six  days.  At  the  end 
of  the  first  day  nearly  all  of  the  fibrin  had  disappeared,  although  a 
considerable  portion  appeared  to  float  on  the  surface  of  the  fluid- 
When  examined  more  closely,  however,  this  residue  proved  to  be 
extremely  light,  hollow,  easily  crushed  and  with  a  somewhat  greasy 
feeling.  A  similar  residue,  the  amount  of  which  we  did  not  deter- 
mine, remained  at  the  end  of  six  days  and  consisted  mainly  of 
antialbumid  with  much  tyrosin. 

Preparation  of  the  antipeptone. — The  solution  resulting  from  the 
above  digestion  was  made  slightly  acid  with  acetic  acid,  bo^ed, 
passed  through  a  filtering  bag,  concentrated  to  1  litre,  and  freed 
from  a  large  amount  of  leucin  and  tyrosin  by  crystallization  and  fil- 
tration. The  resultant,  brownish-looking  syrup  was  treated  with 
alcohol  until  peptones  began  to  precipitate,  and  after  the  latter  had 
been  redissolved  by  boiling  the  solution,  it  was  placed  aside  for 
crystallization.  The  filtrate,  which  now  contained  only  a  small 
amount  of  amido  acids,  was  freed  from  alcohol  by  boiling,  diluted 
with  a  saturated  solution  of  ammonium  sulphate,  which  had  also 
served  for  washing  out  the  mass  of  crystals  on  the  filters,  and  then 
completely  saturated  with  the  ammonium  salt  in  substance.  After 
separating  the  slight  precipitate  so  formed,  in  which  some  leucin  and 
tyrosin  was  detected,  the  greater  portion  of  the  ammonium  salt  was 
removed  from  the  filtrate  by  repeated  concentration  and  crystalliza- 
tion, while  the  remainder  was  gotten  rid  of,  as  before,  with  barium 
hydroxide  and  barium  carbonate.  Since  in  this  case,  precipitation 
with  phosphotungstic  acid  could  not  yet  be  employed,  we  attempted 
to  purify  the  peptone  as  much  as  possible  from  other  products  of 
digestion  (amido  acids),  first,  as  a  barium  compound  by  repeated 
precipitation  and  boiling  with  alcohol,  after  which  the  barium-pep- 
tone was  exactly  decomposed  with  sulphuric  acid  and  the  free  pep- 
tone purified  in  a  similar  manner  by  repeated  precipitation  and  extrac- 
tion with  alcohol,  once  or  twice  in  the  presence  of  a  little  acetic  acid. 
The  peptone  thus  obtained,  when  dried  at  105°  C,  weighed  120  grams. 
Assuming  that  albuminous  bodies  by  complete  typsin  digestion,  split 
ap  into  50  per  cent,  of  products  arising  from  the  wholly  decompos- 
able hemipeptone  and  50  per  cent,  of  antipeptone  not  further 
changed  by  typsin,  then  the  amount  obtained — 120  grams — agrees 
with  this  so  far  as  it  is  possible,  with  the  unavoidable  losses  which 
the  treatment  of  large  quantities  in  this  manner  implies.  The  388 
grams  of  dry  albumin  (300  grams  of  fibrin  and  88  grams  of  self- 
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digested  material  from  the  pancreas)  would  have  had  to  yield  194 
grams  of  antipeptone  if  there  were  no  loss.  The  loss,  however,  of 
74  grams  noticed  in  our  experiment  is  sufficiently  explained  hy  the 
noticeable  solubility  of  peptone  in  the  water  contained  in  alcohol, 
and  by  the  conversion  of  a  portion  of  the  peptone  into  antialbumid. 

Behavior  of  the  antipeptone, — This  peptone  was  still  more  difficalt 
to  dry  than  the  amphopeptone  formed  by  pepsin  digestion,  and  it 
could  only  be  accomplished  after  the  removal  of  all  alcohol  by 
thorough  boiling  with  water.  As  the  solution  became  very  concen- 
trated on  the  water-bath,  hydrogen  sulphide,  as  shown  by  reaction 
with  lead  acetate,  was  given  off  together  with  a  strong  odor  of  valeri- 
anic acid,  which  was  also  evolved  quite  noticeably  at  105°  C.  In 
order  to  obtain  a  constant  weight  it  was  necessary  to  dry  the  mass 
at  110°  C. 

The  analysis  of  the  product  is  shown  in  the  accompanying  table. 

Antipeptone  (D). 

The  behavior  of  the  preceding  preparation  while  being  dried,  nat- 
urally suggested  the  suspicion  that  the  substance  was  either  decom- 
posable at  100°  C.  or  less  in  the  air,  or  else  that  it  contained  some 
decomposable  admixture.  We  therefore  attempted  a  further  purifi- 
cation of  antipeptone  and  at  the  same  time  a  more  cautious  method 
of  drying. 

For  this  purpose  another  preparation  of  antipeptone  was  made  in 
the  following  manner. 

230  grams  of  commercial  dry  pancreas,  somewhat  less  active  than 
that  employed  in  the  preceding  preparation,  were  warmed  at  40*  C. 
for  three  hours  with  1200  c.  c,  of  O'l  per  cent,  salicylic  acid,  after 
which  the  mixture  was  neutralized  with  sodium  carbonate  and  to  it 
was  added  directly  1P20  grams  of  boiled,  moist  fibrin,  82  grams  of 
dry  sodium  carbonate  and  32  grams  of  thymol.  This  mixture  was 
warmed  at  40°  C  for  seven  days,  at  the  end  of  which  time  the  residue 
of  the  pancreas,  the  antialbumid  produced,  and  considerable  sepa- 
rated tyrosin,  fonned  a  noticeable  sediment,  which  was  filtered  off 
and  pressed,  after  the  residue  had  been  thoroughly  washed  with 
water  warmed  at  40°  C.  The  filtrate  was  made  slightly  acid,  heated 
to  boiling,  and  as  this  produced  only  a  slight  precipitate  it  was  imme- 
diately concentrated  to  about  three  litres.  On  cooling,  an  abundant 
slate-colored  precipitate  separated,  composed  almost  entirely  of  tyro- 
sin. After  removing  this  by  filtration,  the  solution  was  saturated 
with  ammonium  sulphate  and  the  resultant  filtrate  treated  as  in  the 
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previons  case  ;  that  is,  a  barium  peptone  compound  was  formed,  puri- 
fied with  ali^ohol  and  this  exactly  decomposed  with  sulphuric  acid. 

In  order  to  separate  the  free  peptone,  the  solution  was  concentrated 
at  a  gentle  heat  with  the  addition  of  a  little  ammonia,  precipitated 
and  boiled  with  alcohol,  the  almost  liquid  precipitate  dissolved  in 
water,  the  solution  acidified  with  acetic  acid,  concentrated  again,  pre- 
cipitated and  extracted  hot  with  alcohol,  repeatedly  washed  and 
kneaded  with  ether,  kept  for  a  long  time  under  ether  and  then  slowly 
dissolved  in  as  small  an  amount  of  cold  water  as  possible.  When 
filtered,  a  small  residue  of  ty rosin  appeared  in  the  preparation.  The 
new  solution  was  concentrated  at  a  gentle  heat,  precipitated  again 
with  alcohol,  the  peptone  boiled  and  washed  with  alcohol,  allowed 
to  stand  for  some  time  with  a  large  quantity  of  absolute  alcohol, 
again  treated  with  ether  as  before,  and  as  it  had  now  become  friable, 
it  was  immediately  dried  in  vacuo  over  sulphuric  acid.  On  attempt- 
ing to  dry  it  at  100°  C.  the  melting  mass  foamed  so  much  th:it  it  ba<l  to 
be  dried  in  the  air.  When  this  had  been  done  with  Hvqucnt  stirring 
on  the  water  bath  for  several  days,  the  mass  was  finally  dried  com- 
pletely in  vacuo,  first  at  100°  C,  then  at  105°  C.  A  few  wet^ks  of 
this  drying  were  needed  to  bring  the  substance  to  a  constant  weight, 
and  in  order  to  prepare  the  various  quantities  f<»r  analysis  ihey  had 
to  remain  in  fmcuo  over  sulphuric  aci<l  and  at  105°  C.  for  some  time. 
Probably  in  consequence  of  the  thorough  treatment  with  ether,  the 
preparation  when  warmed  gave  much  less  odor  than  the  formor  ooe. 

Composition  of  Antipeptone  (D). 

I.  0-6061  gram  substance  gave  0*2875  cram  H,0  =  6*31  per  cent 
H  and  0-7987  gram  CO,  =  42-76  per  cent.  C. 
II.  0-4449  gram  substance  gave  0*2527  gram  11,0  =  6-31  percent 
H  and  0-7024  gram  CO,  =  43*05  per  cent.  C. 

III.  0-5010  gram  substance  gave  0*2870  gram  H,0  =  6*36  per  cent 

H  and  0*7885  gram  CO,  =  42*91  per  cent.  C. 

IV.  0-4414  gram   substance   gave   56*0  c.  c.  N    at   21*0°  C.  and 

759*2  mm.  pressure  =  14*91  per  cent.  N. 
V.  0*5870   gram    substance   gave    76*5  c.  c.   N   at   21*6°  C.  and 

7580  mm.  pressure  =  15*13  per  cent.  N. 
VI.  0*6930  gram  substance  gave  0*0694  gram  ash  =  10*01  per  c^nt. 
VII.  0-6017  gram  substance  gave  0*0504  gram  ash=  10*04  percent 
VIII.  The  ash  from  0  5017  gram  substance  gave  0*0325  gram  BaSO^ 
=0*89  per  cent.  S  calculated  on  the  original  substance. 
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On  account  of  the  large  percentage  of  ash  and  the  large  amount 
of  sulphates,  the  sulphur  of  the  organic  matter  was  not  determined. 

Percentage  compositiQn  of  the  ash-free  substance, 

ATerage. 

C 47-52  47-83  4769  47-68 

H 7-01  701  707  703 

N... 16-67  1680  16-68 

Antipeptone  (E). 

In  order  to  obtain  a  still  purer  preparation  and  especially  to  free  it 
from  the  large  percentage  of  ash,  a  portion  of  antipeptone  (D)  was 
dissolved  in  boiling  water  after  the  first  treatment  with  ether,  then 
when  cold  the  solution  was  acidified  with  sulphuric  acid  to  such  an 
extent  that  it  contained  6  per  cent,  of  acid  and  precipitated  with«a 
large  excess  of  phosphotungstic  acid.  The  precipitate,  after  the 
manner  already  described  under  amphopeptone  (B),  was  washed  thor- 
oughly with  dilute  sulphuric  acid  and  then  with  water,  finally  de- 
composed with  baryta,  the  barium-peptone  precipitated  with  alcohol, 
washed,  the  alcohol  driven  off  by  heat,  the  aqueous  solution  of  the 
compound  exactly  decomposed  with  sulphuric  acid,  the  solution  con- 
centrated after  the  addition  of  a  few  drops  of  ammonia,  precipitated 
with  alcohol,  dissolved  again  in  waler,  concentrated  with  the  addi- 
tion of  a  little  acetic  acid,  again  precipitated  with  alcohol,  and  the 
product  so  obtained  treated  thoroughly  with  alcohol  and  ether  in  the 
same  manner  as  preparation  D,  and  finally  dried  in  the  same  manner 
as  that.  The  substance  so  prepared,  was  lighter  colored  than  the 
preceding,  not  quite  so  hygroscopic,  and  in  drying  gave  scarcely  any 
odi>r. 

The  analysis  of  the  product  is  shown  in  the  accompanying  table. 

Antipeptone  (F).     (Oland peptone,) 

TluM  peptone  was  obtain«*d  as  a  bye  produc-t  in  a  preparation  of 
trypsin  irom  1,00 )  grams  of  dry  pancreas  and  was  formed  wholly 
from  the  albuminous  bodii'S  of  the  gland  substance,  after  extraction 
wiili  alcohol  and  eth«»r.  It  is  not  probable  that  the  peptone  con- 
tained, in  any  considerable  quantity,  any  products  from  the  digestion 
of  elasiin,  since  the  elastic  tissue  could  have  been  but  little  altered 
under  the  conditions  in  which  the  self  digestion  of  the  gland  took 
place  during  the  preparation  of  the  infusion,  and  furthermore  there 
would  have  b-en  needed  lor  solution  in  the  latter,  a  finer  subdivision 
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and  long  continued  action.  However  this  may  be,  the  albumins  of 
the  pancreas  naturally  cannot  be  classified  with  the  substances  ordi- 
narily used  in  digestion  experiments,  such  for  example  as  fibrin, 
without  further  investigation,  for  although  there  may  be  substances 
in  the  gland  cells  like  serum-albumin,  globulin  and  myosin,  there  are 
also  many  bodies  quite  different  from  these,  as,  for  example,  the  leu- 
coid  precipitated  by  excess  of  acetic  acid,  zymogen  and  trypsinogen, 
all  of  which  are  decomposed  by  self-digestion  and  yield  amido  acids 
and  peptones.  So  long  as  trypsin  digestions  are  not  ordinarily  con- 
dneted  with  pure  trypsin,  it  is  of  especial  interest  to  find  out  the 
composition  of  the  gland  peptones,  which,  as  a  rule,  have  invariably 
been  mixed  in  greater  or  less  quantity  with  the  antipeptones  hitherto 
investigated. 

Frq>aration, — 1,000  grams  of  dry  pancreas  were  warmed  at  40*  C. 
for  twelve  hours  with  five  litres  of  0*1  per  cent,  salicylic  acid  and 
0*25  per  cent,  of  thymol,  filtered  through  muslin,  the  residue 
wanned  another  twelve  hours  with  two  litres  of  0*26  per  cent, 
sodium  carbonate  and  0*6  per  cent,  of  thymol,  again  filtered  and 
pressed,  the  two  fluids  united,  brought  up  to  an  alkalinity  of  0*25 
per  cent,  of  sodium  carbonate  and  then  warmed  at  40®  C.  for  three 
days. 

After  filtering  through  paper,  the  whole  solution  was  slightly  acidi- 
fied with  acetic  acid  and  then  saturated  with  five  kilos,  of  ammo- 
mom  salphate,  by  which  means  there  was  precipitated  a  little  albu- 
mose  and  all  of  the  trypsin,  the  further  treatment  of  which  is  of  no 
interest  here,  while  the  gland  peptone  remained  in  solution.  It  is 
to  be  noticed  in  the  separation  of  this  peptone  that  it  was  treated 
exactly  like  preparation  (C),  excepting  that  the  second  purification 
with  ether  could  be  omitted.  The  preparation,  after  drying  for  some 
time,  left  a  small  residue  of  tyrosin  when  dissolved  in  cold  water.  It 
was  therefore  precipitated  from  this  solution  with  alcohol,  then  freed 
from  alcohol  by  boiling  with  water,  dried  directly  over  a  water-bath 
and  finally  in  vacuo  at  106®  C.  until  a  constant  weight  was  obtained. 

The  analysis  of  the  product  is  seen  in  the  following  table. 

Antipeptone  (G).     (Gland  peptone.) 

This  preparation  was  obtained  from  the  preceding  product  by  the 
following  process;  the  solution  of  the  peptone  was  acidified  with  6 
percent,  of  sulphuric  acid,  precipitated  with  a  large  excess  of  phos- 
pbotnngstic  acid,  the  precipitate  carefully  washed,  then  decomposed 
with  barium  hydroxide,  the  latter  exactly  removed  with  dilute  sul- 
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pharic  acid,  the  solation  concentrated,  the  peptone  precipitated  and 
washed  with  alcohol  and  finally  boiled  with  alcohol.  The  partially 
dry  product  was  then  dissolved  in  cold  water,  leaving  a  small  amor- 
phous residue  which  gave  no  reaction  for  tyrosin.  The  solution 
was  then  concentrated  on  the  water-bath  and  again  precipitated 
with  alcohol,  after  which  it  was  dried  finally,  over  sulphuric  acid  in 
vacuo  and  at  106°  C.  in  vacuo,  until  of  constant  weight. 
The  following  table  shows  the  results  of  the  analysis. 

Antipeptone  (H).  (Gland  peptone.) 
This  product  was  prepared  and  purified  in  exactly  the  same  manner 
as  the  former  one  (6),  but  was  made  from  another  trypsin  prepara- 
tion, in  which  a  smaller  amount  of  dry  pancreas  was  used.  When 
dissolved  for  the  last  time  in  cold  water,  some  little  insoluble  matter 
remained  (from  which  it  was  freed)  which,  however  gave  no  reaction 
for  tyroi«in. 
The   following  table  shows  the  results  of  the  analysis. 

General  properties  of  the  Peptones. 

We  shonld  have  liked  to  study  more  accurately  the  physical  be- 
havior of  the  different  samples  of  peptones,  especially  their  optical 
properties  as  determined  by  specific  rotary  power.  It  was  easy  to 
show  that  they  were  all  laevo-rotary,  but  we  have  not  yet  succeeded 
in  making  any  quantitative  determinations  of  sufficient  accuracy  to 
be  of  value.  The  decidedly  brown  color  of  the  solutions  prevented 
the  use  of  a  sufficiently  long  tube,  or  a  solution  of  the  proper  concen- 
tration, necessary  to  determine  specific  rotation. 

It  would  be  of  still  greater  importance  to  investigate  the  rate  of 
diffusion  of  peptones,  it  being  more  necessary  from  the  fact,  that  pre- 
vious observations  on  the  diffusion  of  the  products  of  digestion  can 
have  but  little  reference  to  pure  peptones,  but  rather  to  the  albumose 
bodies  so  long  overlooked.  We  have,  however,  not  as  yet  begun  these 
investigations  owing  to  lack  of  material.  All  of  the  peptones  obtained 
by  us  in  the  dry  state,  showed  considerable  rise  of  temperature  when 
moistened  with,  or  dissolved  in  water. 

It  is  worthy  of  notice,  physiologically,  that  according  to  observations 
made  in  the  physiological  Institute  at  Heidelberg,  by  Dr.  Pollitzer 
of  New  York,  no  one  of  the  peptones  would  hasten  or  retard  coagu- 
lation of  the  blood,  either  when  injected  into  the  veins  or  added  to  the 
shed  blood,  such  action  being  due  wholly  to  certain  of  the  albumose 
bodies. 
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A  few  observations  on  the  taste  of  peptones  are  of  interest.  While 
the  genuine  albumins  and  the  albumose  bodies  excite  practically  no 
sense  of  taste,  the  less  so  the  purer  they  are,  it  appears  as  if  peptones 
belong  to  the  most  offensively  tasting  bodies.  In  order  to  see  what 
an  important  change  the  taste  of  an  albuminous  body  undergoes  on 
digestion,  and  at  the  same  time  what  the  taste  of  pe]»tone~s  is,  warm 
60  c.  c.  of  fresh  milk  to  40"*  C.  and  then  add  to  it  a  small  fragment  of 
soluble  tiypsin  (prepared  from  ox  pancreas),  which  excites  no  taste  of 
itself.  The  milk  at  first  coagulates,  tnen  regains  its  former  appearance 
by  solution  of  the  coagulum,  but  tastes  no  better  than  gall.  Never- 
theless we  believe  that  the  especially  objectionable  taste  proceeds  not 
from  peptones,  but  from  certain  compounds  heretofore  only  acci- 
dentally separated  from  them.  For,  among  our  preparations,  which 
as  a  whole  tasted  something  like  roast  meat,  as  if  burnt,  but  above  all 
nauseatingly  bitter  and  astringent  even  in  a  2  per  cent,  solution,  we 
found  one  that  in  a  10  per  cent,  solution  was  free  from  this  dis- 
agreeable peculiarity  and  had  a  pleasant,  sweet  taste  like  meat. 
It  is  to  be  noticed  that  this  was  th^  preparation  of  aniipeptone  (F) 
which  had  not  been  purified  by  phosphotungslic  acid.  Only  by 
taking  a  large  swallow  was  there  noticed  a  not  unpleai^aiit  taste, 
peculiar  lo  certain  cheeses  alter  becoming  alkaline. 

The  most  important  property  for  thi*  separation  and  treatment  of 
peptones  is  for  the  present,  the  lack  of  pricipiiaiion  by  a  great 
number  of  reagents,  which  precipitaie  more  or  less  perfectly  anmmins 
and  albumose  bodies,  especially  sodium  chlorid*,  either  alone,  or  with 
the  addition  of  acid.  We  have  repeatedly  confirmed  the  observations 
made  ^y  Wenz  that  even  sodium  chloride  and  acetic  acid,  so<lium 
chloride  and  nitric  acid  or  metaphoHphotic  acid  do  not  eompU*tely 
precipitate  the  albumose  bodies.  In  whatever  proportion  these  addi- 
tions may  be  made,  there  always  remains  at  the  end  a  solution  which 
gives  with  alcohol  a  precipitate  of  s»lt,  in  which  albumose  is  still  to 
be  found,  or  from  which  albumose  may  be  separated  by  dialysing  and 
concentrating,  according  to  the  method  already  used.  The  only  per- 
fect precipitant  of  these  substances  is  ammonium  sulphate.  It  is  how- 
ever an  error  to  attribute  to  this  salt  the  same  action  on  peptones. 
Wherever  peptones  occur,  they  will  always  be  found  in  the  filtrate 
from  a  solution  saturated  with  ammonium  sulphate,  and  we  mast 
conclude  from  some  opposed  statements  that  in  the  experiments  on 
which  they  are  based,  albumose  bodies  instead  of  peptones  were  pres- 
ent, since  we  are  certain  that  by  means  of  our  new  method,  it  can  be 
generally  shown  what  an  unexpected  difference  exists  between  the  ap- 
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parently  yigoroos  action  of  a  poorly  prepared  gastric  juice,  or  com- 
mercial preparation  of  pepsin  and  the  action  of  solutions  actually  rich 
in  pepsin.  Even  where  the  fibrin  almost  instantly  disappears,  the 
amooDt  of  ferment  may  still  be  quite  insufficient  to  produce  noticeable 
-  traces  of  peptones.  Therefore  care  must  be  taken  not  to  conclude 
immediately  from  a  speedy  solution,  that  digestion  has  been  com- 
plete, since  this  is  to  be  determined  only  by  the  disappearance  of  the 
primary  cleavage  products  of  digestion,  that  is,  the  change  of  albumose 
into  peptones. 

It  was  especially  interesting  to  ascertain  whether  peptones  iso- 
lated according  to  the  methods  already  described,  were  likewise  pre- 
cipitated by  ammonium  sulphate  or  by  other  reagents  that  precipi- 
tate the  albumose  bodies,  a  question  which  was  interesting  considering 
the  oft-asserted  formation  of  albumin  or  albumose  from  peptones. 
To  our  surprise  we  noticed  in  the  beginning  that  both  atitipep- 
tone  and  amphopeptone  after  complete  purification,  under  certain 
circumstances  gave  rise  to  a  turbidity  or  even  a  resinous  precipitate, 
not  only  with  ammonium  sulphate,  but  also  when  their  solutions  were 
aatarated  with  salt  or  when  treated  with  acetic  acid,  nitric  acid 
or  metaphosphoric  acid,  just  as  if  albumose  had  been  formed  or  the 
albumose  not  completely  removed  by  the  previous  treatment.  Even 
if  these  precipitates  concerned  only  a  small  part  of  the  material  in 
solution,  their  appearance  would  need  explanation.  So  far  as  we  can 
now  determine,  the  occasion  of  this  behavior  is  a  circumstance  con- 
cerning which  we  do  not  care  to  decide  whether  it  really  depends  on 
the  formation  of  albumose  from  peptone  or  not.  It  is  to  be  ob- 
served that  if  the  purification  of  the  peptone  by  sulphuric  acid  is 
conducted  incautiously,  either  on  decomposing  the  barium-peptone  or 
on  acidity in«x  before  precipitation  with  phosphotuiigstic  acid,  the 
appearance  afterward  of  albumose  is  avoided  provided  the  solutions, 
when  warm,  are  never  exposed  to  an  excess  of  acid.  That  a  resinous 
precipitate  appears,  while  boiling  the  solution  saturated  with  amrao- 
niuro  sulphate  at  1 10'  C.  has  already  been  mentioned,  but  this  can- 
not cause  any  impurity  of  the  peptone  remaining  in  solution,  any 
more  than  the  well  known  precipitation  of  antialbumid  during  trypsin 
digestion  can  occasion  an  impurity  of  the  antipeptone. 

Since  the  fact  is  proved  that  p<'ptones  are  not  precipitated  by  am- 
monium sulphate,  these  bodies  arc  then  characterised  more  than  ever 
by  the  property  long  attributed  to  them  of  being  rendered  turbid  by 
very  few  reagents  and  completely  precipitated  by  a  stili  more  lim- 
ited oamber.      A  list  of  the  latter  reagents  includes  only  tannin 
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and  merouric  iodide  in  potaRsiam  iodide,  while  imperfeot  preoipiUnts 
of  peptones  are  phosphotungstic  aoid  or  phosphomolybdio  acid  and 
picrio  acid. 
The  following  list  shows  the  further  action  of  varioas  reagents. 

Reactions  of  Peptones  free  from  aJbumose  and  purified  by  phos- 
photungstic acid. 

In  5  per  cent,  solution,  after  being  made  noticeably  alkaline  with 
a  trace  of  sodium  carbonate. 


Fibrin  antlpeptone. 

Acetic  acid  and  potassium 
ferrocyanide. 

At  first  perfectly  clear,  later  trace 
of  opalescence. 

The  same. 

Neutral  lead  acetate. 

First  drop,  0 ;  more,  turbidity. 

Turbidity     immediately  ;     more, 
strong  turbidity. 

The  same,  but  much 
weaker. 

Basic  lead  acetate. 

The  same,  but  weaker. 

Mercuric  chloride. 

First  drop,  0  ;    more,  strong   tur- 
bidity. 

At  first  clear ;  more,  slight  turbid- 
ity disappearing  with  great  ex- 
ces& 

Turbidity  immediatelf, 
growing  stronger. 

6  per  cent  cupric  sulphate. 

Nothing. 

6  per  cent,  platinum  chloride. 

Only  excess,  strong  turbidity. 

Nothing. 

Ohromic  acid. 

Nothing. 

Nothiug. 

Ferric  chloride. 

A  trace  gives  turbidity  vanishing 
with  the  least  excess. 

Nothing. 

Glacial  acetic  acid  and  cone, 
sulphuric  acid. 

Brownish  red. 

The  same. 

Nitric  add. 

The  color  changing  yellow  in  the 
oold. 

The  same. 

Boiling:  with  cone,    hydro- 
chloric acid. 

The  color  becomes  slightly  darker. 

The  same. 

Millon*8  reaction. 

At  first  a  heavy  white  precipitate ; 
on    warming,    dirty   yellow   or 
reddish. 

The  same,  then  beauti- 
ful red  color. 

Without  desiring  to  claim  especial  value  in  general  for  these  reac- 
tions and  for  smaller  differences  between  the  two  peptones,  some  of 
them,  however,  may  be  more  closely  examined. 

The  slight  intensification  of  color  by  boiling  with  concentrated 
hydrochloric  acid  is  striking,  for  we  have  not  ordinarily  been  able  to 
obtain  it,  even  with  peptone  in  substance  or  even  on  the  addition  of 
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coDcentrated  sulpburic  acid.  Likewise,  the  reaction  with  salphurio 
acid  and  glacial  acetic  must  be  described  as  almost  unsuccessful.  As 
this,  however,  is  nothing  other  than  Pettenkofer's  test  for  bile  acids, 
for  which  its  discoverer  has  recommended  concentrated  acetic  acid 
as  a  substitute  for  sugar,  we  have  also  tried  the  reaction  with  sugar, 
without  however  obtaining  any  better  result,  particularly  not  the 
beautiful  violet-red  which  albumin  and  the  albumose  bodies  give. 
Finally,  the  poor  result  of  Millon's  reaction  with  antipeptone,  in  con- 
trast to  the  brilliant  red  obtained  with  amphopeptone,  is  also  to  be 
remarked.    To  this  reaction  we  shall  return  later. 

It  has  already  been  observed  by  many  investigators  that  among 
the  products  of  the  digestion  of  albumin,  bodies  are  not  infrequently 
met  with,  which  give  little  or  no  lead  sulphide  on  boiling  with  sodium 
hydroxide  and  lead  acetate.  This  is  not  at  all  strange,  since  the  pep- 
tones prepared  by  us  show  on  analysis  less  than  one  per  cent,  of  sul- 
phur, in  striking  contrast  to  the  albumins  and  albumose  bodies,  all  of 
which  contain  much  larger  percentages.  In  the  gland  peptones 
(F,  G,  H,)  the  sulphur  amounted  to  only  0*50,  0*31  and  0*57  per  cent, 
respectively.  The  peculiarity  of  peptones  in  giving  up  a  part  of 
their  sulphur  when  warmed  with  alkali,  apparently  stands  in  no  direct 
connection  with  the  percentage  amount  of  sulphur.  Indeed,  solutions 
of  the  antipeptones  G  and  H,  of  which  the  first  possessed  the  lowest 
percentage  of  sulphur  found,  showed  no  browning  with  this  test, 
and  only  a  trace  of  it  when  solid  particles  of  the  peptone  were  heated 
with  a  concentrated  solution  of  alkali  containing  lead.  But  the  gland 
peptone  (F)  not  purified  by  phosphotungstic  acid  and  with  only  0'16 
percent,  of  sulphur  became  slightly  darkened  in  solution.  On  the 
other  hand,  the  purest  amphopeptone  (B)  with  0*77  per  ceht.  of  sul- 
phur gave  the  reaction  very  faintly,  while  antipeptone  C  with  0*73 
percent,  of  sulphur  gave  it  very  plainly.  Probably  the  reaction  is 
not  to  be  attributed  to  the  peptones  themselves,  but  proceeds  from 
contamination  with  an  easily  decomposed  substance  containing  sul- 
phor,  whose  removal  still  depends  on  chance. 

It  may  be  assumed  as  completely  proved  that  the  rose  or  violet 
coloration,  which  the  pro<}ucts  of  pancreatic  digestion  assume  with 
hromine  or  chlorine  water,  is  due  to  some  special  body  and  not  to 
antipeptone.  We  had  previously  shown  this  to  be  the  case  with  the 
antipeptone  obtained  by  the  action  of  trypsin  from  antialbumid, 
and  have  now  also  found  in  all  antipeptones  purified  with  phospho- 
tungstic acid,  the  absence  of  all  color  on  addition  of  bromine  water, 
either  in  large  or  small  quantity. 
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Finally,  not  to  overlook  the  most  striking  reaction  of  peptonei, 
we  mention  farther  the  brilliant  so-called  biuret  reaction  which  is  to 
be  seen,  if  possible,  still  more  intense  in  the  purer  peptones,  what- 
ever their  origin,  than  in  those  formerly  used. 

Composition  of  the  Peptones. 

For  the  sake  of  comparison  we  present  in  the  following  table  the 
percentage  composition  of  the  various  samples  of  peptones,  calculated 
on  the  ash-free  substance.  The  ash  found,  consisting  in  every  case 
of  calcium,  a  little  sodium,  potassium,  traces  of  barium  and  iron,  ea^ 
bonic  acid,  phosphoric  acid  and  sulphuric  acid,  is  placed  at  the 
foot  of  the  columns. 


Ampbo-  (peptiD)  peptone  from 

Anil-  (trypfln)  peptone. 

A. 

B.       j       b. 

C. 

Prci 

1        D.        1        E. 

K.     1       O.       1      H._ 

Contain- 
iDKmaclD- 
peptone. 

?ared  from  fibrin. 

Glandpeptone. 

andpnri 

phoBpbo 

ac 

48-76 

tanKBtlc 
Id. 

Pnrlfled 

more  with 

ether. 

4768 

Pnrlfled 
with  phoft- 

pbOtUDKB- 

tic  acid. 

Pnrlfled  wltb 
add. 

c 

44  53 

48-47 

j  47  30 

4659 

44-46 

42  96 

44  47 

H 

6-49 

7-21 

7  02 

673 

7  03 

6-69 

7-17 

7-26 

7-J5 

N 

1673 

16-26 

16-86 

16-83 

16-68 

18-28 

17-06,    17-80 

17-M 

S 

0-72 

0-77 

, 

0-73!      .... 

0-67 

0  50        0-31 

0^7 

0 

3153 

2701 

28-41 

10-02 

27-77 

30-82 

31-67 
193 

29-87 

Ash 

811 

3-22 

216 

6-25 

3-67 

6-54 

207 

The  nature  of  the  substance,  which  at  present  affords  but  little 
proof  that  we  have  to  deal  with  a  simple  body  and  not  a  mix- 
ture of  chemical  bodies,  places  the  greatest  restrictions  on  the  use  of 
the  above  values,  and  only  under  such  reserve  is  to  be  understood 
what  is  hereafter  added.  As  regards  the  analysis  of  the  single  suH- 
stances,  we  are  inclined  to  believe  that  only  in  amphopeptone  B,  is 
there  a  difference  in  the  percentage  of  carbon  greater  than  the  ordi- 
nary differences  naturally  to  be  expected  in  amorphous  materials  »o 
difficult  to  prepare. 

Amphopeptone  A,  with  the  lowest  percentage  of  carbon,  ba« 
already  been  described  as  a  mixture  of  fibrin- peptone  and  mooB' 
peptone.     If  we  have  succeeded  in   removing  the  latter,  by  usiog 
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parified  pepsin,  then  the  figures  obtained  from  B  and  h  may  be  con- 
sidered as  representing  the  first  gastric  peptone  prepared  free  from 
albamose.  The  correspondence  between  the  two,  in  spite  of  the  fact 
that  by  continued  purification  of  b  we  succeeded  i^  reducing  the  ash 
by  more  than  1  per  cent.,  we  think  may  be  considered  as  grounds  for 
this  assumption.  In  opposition  therefore  to  the  majority  of  pre- 
yions  statements,  including  our  own,  which  as  now  easily  understood 
referred  to  mixtures  of  albumose  and  peptones,  there  is  to  be  noticed 
in  pare  amphopeptone  about  1  per  cent.  lower  content  of  carbon, 
aboat  as  much  higher  a  percentage  of  nitrogen  and  0*3-0  4  per  cent, 
lower  content  of  sulphur. 

With  antipeptone,  the  variation  from  the  previous  results  was 
less  expected,  for  we  are  not  inclined  to  believe  that  in  our  former 
long  and  thorough  typsin  digestions,  any  appreciable  quantity  of 
albumose  remained  and  in  the  more  recent  ones,  the  precipitate  pro- 
duced by  ammonium  sulphate  was  never  abundant  if  the  matter 
separated  by  boiling  in  a  slightly  acid  solution  was  previously 
removed.  The  differences  found,  however,  might  be  readily  explained 
by  the  fact  that  the  purification  of  the  peptone  had  this  time  been 
more  complete,  owing  partly  doubtless  to  the  formation  of  the 
barium  com  pound,  and  partly  also  to  the  precipitation  with  phospho- 
tungstic  acid.  The  content. of  carbon  is  seen  to  be  about  I  per  cent, 
lower,  the  content  of  sulphur  likewi**e  lower  and  the  percentage  of 
nitrogen  decidedly  higher,  in  one  case  as  much  as  4  per  cenL  more 
than  before.  The  real  reason  for  this  difference  in  composition 
appeal's  to  as  to  lie  in  the  use  of  much  larger  quantities  of  trypsin, 
which  formerly  was  only  possible  by  using  large  quantities  of  the 
gland  substance,  so  that  the  fibrin-antipeptone  would  naturally  be 
obtabed  mixed  with  the  gland  peptone.  It  is  well  for  the  future 
that  we  know  the  composition  of  these  gland  peptones,  for  they 
differ  essentially,  in  the  lower  content  of  carbon  (in  one  case  42*96 
per  cent.),  from  all  other  peptones  hitherto  investigated.  These 
bodies  might  be  pronounced  troublesome  intruders  with  the  same 
right  as  the  mucin-peptone  arising  from  gastric  digestion,  although 
we  found  in  it,  aside  from  the  percentage  composition,  no  reaction 
and  no  property  which  would  serve  to  distinguish  it  from  the  other 
peptones. 

After  these  considerations,  little  stress  can  be  laid  on  the  differences 
between  the  composition  of  pepsin  and  trypsin  peptones.  We  have 
fouid,  however,  another  difference  which  we  will  examine  more 
closely. 
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Cleavage  of  the  peptones. 

As  already  mentioned,  Millon's  reaction  appears  very  bnUiant  with 
amphopeptone,  but  more  or  less  imperfectly  with  antipeptone.  As 
the  reaction  is  sure  only  under  certain  circumstances  we  have  not 
neglected  to  perform  it  in  every  possible  way,  either  by  usinc^  the 
same  concentration  of  solutions  of  the  two  peptones  under  exactly 
the  same  conditions,  or  by  trying  the  most  successful  variations  of  the 
experiment  for  antipeptone..  Thus  it  was  found  that  the  preparations 
C,  D,  E,  and  F,  treated  in  a  suitable  way,  gave  an  appreciable  reaction, 
but  in  no  case  so  that  more  than  a^Jirty,  generally  orange  red  pre- 
cipitate was  obtained.  On  the  contrary,  all  trials  with  gland  pep- 
tone purified  with  phosphdtungstic  acid,  failed  to  give  more  than  a 
simple  yellow  color.  Since  Millon's  reaction  for  albumin  corresponds 
with  the  so^alled  Hoffmann's  test  for  tyrosin,  and  since  with  albo- 
min  it  probably  depends  on  the  separation  of  tyrosin  by  boiling 
with  the  acid  solution  of  murcuric  nitrate,  if  not  by  the  formation  of 
further  decomposition  products  of  tyrosin  (hydroparacumaric  acids) 
which  likewise  redden  with  the  test,  it  might  be  presumed  that  anti- 
peptone,  in  contrast  to  the  amphopeptone  of  pepsin  digestion,  forms 
no  tyrosin  by  cleavage.  So  far  as  the  action  of  trypsin  is  concerned, 
this  was  already  known,  since  the  real  difference  between  gastric  and 
pancreatic  peptones  consists  in  the  fact  that  only  the  former,  when 
treated  with  trypsin,  yield  tyrosin  together  with  leucin  and  other 
decomposition  products — in  our  opinion  because  they  contain  hemi- 
peptone  capable  of  further  cleavage  (together  with  antipeptone). 
It  was  also  known  to  us,  however,  that  antipeptone  during  cleavage 
with  boiling  sulphiiric  acid  yields  the  amido  acids,  and  among  them 
also  tyrosin.  Renewed  investigations  on  this  subject  appeared  called 
for  now,  since  we  thought  ourselves  in  possession  of  much  purer  pre- 
parations of  antipeptone. 

First,  we  established  the  possibility  of  decomposing  with  trypsin, 
amphopeptone  entirely  free  from  albumose.  A  few  hours'  dij^estion 
in  a  small  test  tube,  of  1  gram  of  peptone  in  10  c.  c.  of  water,  contain- 
ing 0*25  per  cent,  of  sodium  carbonate  with  a  little  thymol  and  a 
fragment  of  purified  pepsin,  sufficed  for  this  purpose.  By  concen> 
trating  the  neutralized  solution  and  boiling  the  residue  with  alcohol, 
a  decided  residue  was  obtained  in  which  balls  of  leucin  and  bundles 
of  tyrosin  were  to  be  seen  under  the  microscope  without  further 
preparation.  The  residue  was  also  colored  a  beautiful  violet  with 
bromine  water.  We  also  sacrificed  a  large  quantity  of  ampho- 
peptone to  the  same  experiment  and  obtained  the  tyrosin  pare  (free 
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from  peptone)  and  tested  it,  both  by  Millon's  reaction  and  Piria's 
test.  Further,  a  few  grams  of  the  same  preparation  were  heated  for 
several  days  with  six  times  its  weight  of  sulphuric  acid  (2  :  3  water), 
and  after  removing  the  acid  with  barium  hydroxide,  tyrosin  and 
lencin  were  found  among  the  decomposition  products. 

Antipeptonc  was  now  likewise  submitted  to  the  above  treatment. 
The  method  of  conducting  this  experiment  with  albuminous  bodies 
which  we  have  used  successfully,  even  with  2-3  grams  of  substance, 
is  as  follows.  The  substance  is  placed  in  a  small,  strong  flask  stand- 
ing on  an  asbestos  plate,  and  five  or  six  times  the  weight  of  sulphuric 
acid  of  the  above  mentioned  strength  is  added  and  the  mixture  kept 
boiling  as  long  as  desired.  The  loss  of  water  by  evaporation  is  pre- 
vented by  connecting  to  the  neck  of  the  flask  a  glass  tube  I  metre 
long  and  1  centimetre  in  diameter,  so  that  the  lower  end  cannot  be 
closed  by  a  drop  of  water.  The  upper  end  of  the  tube  is  drawn  out 
to  a  capillary  point  and  as  it  does  not  become  warm  at  the  top  dur- 
ing the  boiling  of  the  fluid,  all  loss  of  water  is  prevented. 

To  be  as  sure  as  possible,  we  have  treated  the  antipeptone  in  this 
manner  for  48  hours.  The  contents  of  the  flask  were  then  much 
dilated  with  water,  filtered  from  the  sticky  residue  always  present, 
made  alkaline  with  a  concebtrated  solution  of  barium  hydroxide,  the 
barium  separated  from  the  filtrate  by  sulphuric  acid,  after  which  the 
clear  fluid  was  concentrated  and  allowed  to  crystallize.  It  is  not 
advisable  to  remove  the  sulphuric  acid  with  barium  carbonate,  since  the 
latter  is  unavoidably  used  in  excess,  for  it  is  very  undesil'able  to  have 
the  barium  precipitate  unnecessarily  increased  in  bulk,  as  the  cleav- 
age products  of  albumin  are  difl!cult  to  remove  even  with  hot  water. 
Farther,  the  mixure  is  made  alkaline  by  barium  carbonate  and 
soluble  barium  compounds  always  appear,  which  must  be  removed 
by  sulphuric  acid  in  every  case. 

In  the  strongly  concentrated  solution  finally  obtained,  in  case 
leucin  and  tyrosin  have  really  been  formed,  as  with  most  albuminous 
bodies,  their  presence  may  be  readily  shown  microscopically  and 
after  suitable  separation  of  the  mother  liquor,  or  if  necessary,  after 
re-crystallizaticJn  from  dilute  alcohol,  their  chemical  reactions  may 
likewise  be  obtained.  We  have  succeeded  after  this  manner  in  showing 
the  presence  of  leucin  always  in  antipeptone ;  tyrosin,  however,  only  in 
a  few  cases,  and  even  then  only  after  repeated  crystallization.  When- 
ever tyrosin  occurred  it  was  in  exceedingly  small  quantities.  From 
the  antipeptones  (gland  peptones  H  and  G)  with  which  Millon's  test 
bad  hitherto  failed,  tyrosin  could  not  be  obtained  at  all,  and  that 
TRAJis.  Conn.  Acad.,  Vol.  VII.  32  Nov.,  1886. 
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tyrosin  was  really  absent  in  this  case  was  shown  by  the  final  exam- 
ination of  the  whole  united  residues  by  Hoffman's  test,  which  was 
absolutely  negative,  while  it  appeared  plainly  with  the  products  of 
the  remaining  antipeptones. 

Altbougli  we  do  not  wish  to  consider  the  behavior  of  the  gland 
peptones  ii9  a  criterion  for  antipeptone  in  general,  still  this  result, 
II lilted  with  the  small  amount  of  tyrosin  obtained  from  the  latter, 
seemed  to  call  for  further  .investigations  concerning  the  decomposi- 
tiojj  of  those  primary  cleavage  products  of  albumin  related  to  the 
an ti peptones,  especially  antialbumid.  We  began  this  extension  of 
Qur  work  because  during  our  treatment  of  the  subject  an  article  of 
Maly-s*  appeared,  in  which  he  described  a  very  interesting  cleavage 
and  oxiilation  product,  obtained  by  treating  albumin  with  potassium 
pt^rniangaiiatc,  which  product  possesses  the  essential  properties  of  the 
silbumins,  and  yet  on  further  decomposition  does  not  yield  tyrosin. 
It  is  questionable,  therefore,  whether  this  property  is  not  the  one 
directly  distinguishing  the  bodies  of  the  anti- group  from  the  pri- 
mary clt^avage  products  of  the  albumins. 

A  tew  jjreliminary  experiments  were  made  with  samples  of  anti- 
albumid j in. pared  by  the  action  of  boiling  dilute  sulphuric  acid,  both 
on  fibrin  and  Thiry's  neutralization  precipitate  from  egg-albumin, 
also  wiib  the  antialbumid  remaining  from  the  digestion  of  fibrin 
with  trypsin,  and  tinnlly  with  a  small  neutralization  precipitate 
of  so-called  parapeptone  from  an  incomplete  pepsin  digestion  of  (ibrin, 
whic^h  we  regarded  as  antialbumose.  After  these  experiments  as  a 
wliale,  \vaA  resulted  contrary  to  our  expectations,  in  that  a  moderate 
amount  of  tyrosin  appeared  after  boiling  the  substance  for  a  long 
lime  with  sulphuric  acid,  we  submitted  to  decomposition  a  prepara- 
tion from  which  we  thought  we  could  expect  a  decisive  result. 
This  preparation  was  an  antialbumid  from  e^g  albumin,  made  in  one  of 
our  former  investigations  as  follows:  White  of  egg  freed  from  mem- 
bratie,  wa;?  coagulated  by  heat  in  an  acid  solution,  the  coagulum  fil- 
tered, thoroughly  washed  and  then  heated  for  a  long  lime  at  100°  C. 
witli  dtliitt'  sulphuric  acid,  the  residue  filtered,  washed  thoroughly 
with  u  uter,  dissolved  in  sodium  carbonate,  precipitated  by  neutraliz- 
atlofi,  the  precipitate  dissolved  in  0*2  per  cent,  hydrochloric  acid  and 
the  antialbumid  freed  from  all  other  other  albuminous  bodies  by  long 
cttntinued  iligestion  with  pepsin.  The  antialbumid  was  then  separated 
irom    the   solution    by  neutralization,  washed,  dissolved  in  0*6  per 


*  Wiener  Acad.  Sitzungsber,  xci,  Abth.  5,  February,  1886. 
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cent,  sodiam  carbonate,  warmed  with  trypsin  at  40*  C,  and  after  the 
aDtialbamid  had  partially  separated  as  a  jelly-like  mass,  it  was 
filtered  and  washed  with  water,  finally  with  alcohol  and  ether.  This 
product  could  not  possibly  contain  any  known  albumin,  albumose  or 
peptone  and  undoubtedly  formed  the  purest  sample  of  antialbumid 
yet  prepared. 

By  decomposing  this  body  with  sulphuric  acid,  a  residue  was 
finally  obtained  which  to  our  surprise  gave  but  the  slightest 'reaction 
for  ty rosin  with  Millon's  and  Hoffmann's  test,  with  Piria's  test  no 
reaction  whatever,  and  in  spite  of  endeavors  continued  for  weeks  not 
a  single  cryatal  of  tyrosin  could  be  detected.  Leucin  was  found  in 
very  small  quantity  and  in  addition  there  were  seen  large  lustrous 
balls  of  crystals  of  some  nitrogenous  substance,  too  small  in  quantity 
to  be  identified. 
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XVI. — On  the  dehydration  op   Glucose  in  the  Stomach  a.nd 
Intestines.     By  R.  H.  Chittenden. 

In  a  series  of  interesting  communications*  "  On  the  physiology  of 
the  carbohydrates  in  the  animal  system,"  Dr.  F.  W.  Pavy  has 
brought  forward  evidence  to  show  that  glucose,  generally  considered 
as  the  final  product  of  amylolytic  action,  can  be  converted  within  the 
animal  body  into  a  product  of  less  cupric  oxide-reducing  power; 
that  there  exists  particularly  in  the  stomach  and  intestines  of  rabbits, 
a  ferment  which  has  a  dehydrating  action  upon  glucose  or  dextrose, 
transforming  it  into  a  body  akin  to  maltose  in  reducing  power. 

Hitherto,  it  has  been  generally  supposed  that  the  transformations 
which  carbohydrates  undergo  in  the  animal  system  are  in  the  nature 
of  gradual  hydration  changes,  in  which  each  step  forward  toward 
the  final  product  is  attended  with  the  formation  of  bodies  of  in- 
creased cupric  oxide-reducing  power.  Dr.  Pavy's  results,  however, 
would  tend  to  show  that  transformations  in  the  opposite  direction  do 
occur  and  this  notably  in  the  stomach  and  intestines  of  rabbits. 

Dr.  Pavy's  conclusions  concerning  this  dehydration  of  glucose  in 
the  animal  system,  are  based  upon  changes  in  the  cupric  oxide-reduc- 
ing power  of  the  carbohydrate,  after  contact  with  portions  of  the 
stomach  and  intestines  for  short  periods  of  time  at  48*8°  C.  It  is  a 
well  known  fact  that  the  reducing  power  of  pure  glucose  is  not 
afiTectcd  by  boiling  with  dilute  sulphuric  acid,  while  under  like  treat- 
ment, maltose  and  similar  bodies  are  readily  converted  into  glucose 
or  into  a  body  of  like  cupric  oxide-reducing  power. 

Dr.  Pavy  finds,  as  the  result  of  a  large  number  of  experiments, 
that  a  solution  of  glucose  or  grape  sugar,  by  mere  contact  with  the 
stomach  and  intestines  of  a  rabbit  at  48 '8*  C.  is  changed  into  a  body 
of  less  cupric-oxide  reducing  power,  and  that  by  boiling  with  dilute 
sulphuric  acid  this  product  is  carried  back  again  into  glucose.  Thus, 
in  one  experiment,  0*138  gram  of  glucose  in  contact  with  strips  of 
stomach  from  a  rabbit  for  one  hour  and  a  half  at  48*8®  C.  showed, 
after  removal  of  the  dissolved  albumin  by  boiling  with  sodium  sul- 
phate, a  reducing  power  calculated  to  the  entire  amount  equivalent 
to  only  0080  gram  of  glucose ;  while  after  boiling  with  dilute  sul- 


*  Chemical  News,  1884,  vol.  xlix,  pages  128,  140,  155,  162,  172  and  183. 
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pbaric  acid  (the  solation  containing  two  per  cent.  H,SOJ  the  capric 
oxide-red acing  power  was  increased  to  the  equivalent  of  0*134  gram 
of  glacoae,  or  nearly  equal  to  the  amount  started  with. 

It   is  to  be  noticed  in  the  experiment  just  quoted,  that  the  cupric 
oxi de-red ncing  power,  before  and  after  treatment  with  sulphuric  acid, 
stand  to  each  other  in  the  proportion  of  58  :  100,  or  in  about  the  rela- 
tion of  maltose  (61)  to  glucose  (100).     In  some  experiments,  how- 
ever, the  reducing  power  before  boiling  with  dilute  acid,  was  so  low 
as  to  warrant  the  belief  that  dextrins  were  also  formed.     This  result 
is  a  type  of  many  similar  ones  obtained  by  Pavy  with  the  stomach 
and  intestines  from  various  animals  and  in  no  instance,  in  the  case 
of  rabbits  at  least,  so  far  as  reported,  were  negative  results  obtained. 
The  discovery  of   such   a   dehydrating  ferment,  hitherto  unsus- 
pected, appeared  to  be  a  matter  of  so  much  importance  that  experi- 
ments have  been  tried  in  this  laboratory  from  time  to  time  during 
the  past  two  years,  with  the  view  of  confirming  in  part  at  least  some 
of  Dr.  Pavy's  results.     To  our  surprise,  however,  in  no  case,  have 
we  been  able  to  obtain  results  corresponding  to  those  of  Pavy's, 
although  the  animals  experimented  with  (rabbits  and  cats)  were 
taken  in  various  stages  of  digestion.      We  therefore  record  here, 
some  of  the  results  simply  in  the  hope  that  some  light  may  be  thrown 
upon  the  cause  of  this  discrepancy ;  or  if,  as  may  be,  the  ferment  is 
not  invariably  present,  some  reason  may  be  found  for  its  constant 
absence  in  the  tissues  of  the  animals  experimented  with,  and  thus 
light  be  thrown  upon  the  conditions  which  control  its  presence. 

The  glucose  used  in  the  following  experiments  was  a  sample  of 
crystallized  anhydrous  glucose  presented  to  the  laboratory  by  Dr. 
Amo  Behr.  The  sugar  was  quite  pure,  as  was  ascertained  by  testing 
both  its  reducing  power  and  specific  rotary  power,  and  more  import- 
ant still,  was  not  at  all  afiTected  by  boiling  with  dilute  sulphuric  acid. 
Thus  50  c.  c.  of  a  one  per  cent,  solution  of  the  glucose,  mixed  with 
sufficient  10  per  cent,  sulphuric  acid  to  have  the  mixture  contain  two 
per  cent  of  H,SO^,  was  boiled  for  one  and  one-half  hours,  the  flask 
being  connected  with  an  inverted  Liebig's  condenser  to  prevent  con- 
centration. The  solution  was  then  neutralized,  diluted  to  100  c.  c. 
and  tested  with  Fehling's  solution  according  to  the  method  of  Allihn. 
25  c.  c.  yielded  0*2414  gram  of  metallic  copper,  corresponding  to 
0*1246  gram  of  glucose,  whereas  the  25  c.  c.  of  solution  should  have 
coDtained  0-1250  gram  of  sugar.  Evidently  then,  the  reducing 
power  of  the  sugar  is  not  affected  by  treatment  with  dilate  acid. 
First  experiment. — A  rabbit  in  full  digestion  was  killed,  the  stom- 
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aoh  emptied  of  its  contents  and  then  divided  into  two  longitadinal 
halves  along  the  carvatares.  One-half,  after  being  cleansed,  was 
finely  divided  and  placed  in  a  small  beaker  with  70  c.  c.  of  water  con- 
taining 0'200  gram  of  glucose.  An  equivalent  amount  of  the  small 
intestine,  similarly  cleaned  and  divided,  was  placed  in  a  second  beaker 
in  contact'  with  70  c.  c.  of  water  containing  0*150  gram  of  glucose. 
In  both  cases  the  entire  walls,  including  muBCidaria  and  mucosa^ 
were  taken,  since  Pavy  has  indicated  that  the  converting  principle  is 
situated  not  on  the  surface  of  the  mucous  membrane,  but  in  the  deeper 
part.  The  two  mixtures  were  then  placed  in  a  bath  and  warmed  at 
48*8**  C.  for  nearly  two  hours;  after  which  they  wei-e  boiled,  crystals 
of  sodium  sulphate  being  added  to  aid  the  removal  of  the  dissolved 
albumin.  The  individual  filtrates  and  washings  were  concentrated 
and  finally  brought  to  a  volume  of  100  c.  c.  Of  this,  25  c.  c.  were 
used  to  determine  the  cupric  oxide-reducing  power  of  the  solation 
directly,  while  50  c.  c.  of  each  solution  were  mixed  with  safllcient 
ten  per  cent,  sulphuric  acid  to  insure  a  content  of  two  per  cent,  and 
then  boiled  for  two  hours,  in  connection  with  an  inverted  Liebig's 
condenser  to  prevent  concentration.  The  acid  solutions  were  then 
neutralized,  concentrated  somewhat  and  finally  brought  back  to  a 
volume  of  50  c.  c.  Following  are  the  anafytical  results  obtained 
with  the  two  solutions,  the  reducing  power  being  determined  by 
Allihn's  gravimetric  method.* 

Stomaoh. 

o.  Before  treatment  with  sulphuiHc  add. 
26  c.  c.  gave  00746  gram  Gu=0'0381  gram  dextrose  x4=:0'1524  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 

25  c.  e.  gave  0  0728  gram  Gu=:0'0372  gram  dextrose  x4=0']488  gram  dextrose. 

* 

Intestine. 

a.  Before  treatment  with  mdphuric  acid. 
25  c.  0.  gave  0  0512  gram  Cu=50-0265  gram  dextrose  x  4=0-1060  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.  c.  gave  00520  gram  Gu=0'0269  gram  dextrose  x  4=0*1076  gram  dextrose. 

Here,  there  is  no  evidence  whatever  that  the  glucose  was  affected 
by  its  two  hours' contact  with  the  stomach  and  intestine  of  the  rabbit 
at  48*8°  C,  the  temperature  specified  by  Pavy  as  that  best  adapted 
for  the  reaction.  Certainly  the  reducing  power  of  the  glucose  solu- 
tion is  essentially  the  same  before  and  after  treatment  with  sulphuric 


•  Zeitschrift  fur  Analytische  Chemie,  22.  Jahrgang,  p.  448. 
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acid.  Somewhat  in  accord  with  Pavy's  results,  however,  is  the  fact 
that  while  200  inilligrams  of  glucose  were  introduced  into  the  stom- 
ach mixture  and  150  milligrams  with  the  intestines,  only  152*4  milli- 
grams were  recovered  from  the  former  and  1 06  milligrams  from  the 
latter,  although  the  residues  after  heating  with  sodium  sulphate,  were 
repeatedly  and  thoroughly  washed  with  hot  water.  Assuming  that 
this  loss  of  sugar  in  the  two  cases  is  really  due  to  change  of  glucose 
into  lower  reducing  bodies,  the  relative  reducing  power  of  the  sugar 
before  and  after  contact  with  the  stomach  and  intestines  would  be 
100:76-2  and  100:70*6  respectively.  But  if  there  had  been  any 
such  change  in  reducing  power,  the  treatment  with  sulphuno  acid 
would  certainly  have  indicated  it. 

Second  experiment — A  rabbit  in  full  digestion  was  killed  and  half 
of  the  stomach  and  a  portion  of  the  small  intestine  were  cleaned  and 
filiely  divided.  The  stomach  tissue  was  then  heated  at  48-8*'  C.  for 
one  and  one-half  hours,  with  70  c.  c.  of  water  containing  0*200  gram 
of  glucose  and  the  portion  of  intestine  for  the  same  length  of  time, 
with  a  like  amount  of  glucose.  Treated  then  in  the  same  manner  as 
the  preceding  solutions,  the  following  results  were  obtained : 

Stomach. 

a.  Before  treatment  with  sulphuric  acid. 
25  c.  c  gare  00901  gram  Cii  =00460  gram  dextrose  x  4=0*1840  gram  dextrose. 

6.  After  Preatment  with  sulphuric  acid. 
25  c  c.  gave  00882  gram  Ou  =0*0450  grum  dextrose  x  4ac0'1800  gram  dextrose. 

Intestine. 

a.  Before  treatment  with  sulphuric  add, 
25  c.  c.  ga^e  0*0690  gram  Ou  =0*0353  gram  dextrose  x  4=0*14 12  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.  c.  gave  0*0726  gram  Cu  =0*0371  gram  dextrose  x  4 =01 484  gram  dextrose. 

In  this  experiment,  a  larger  amount  of  sugar  was  recovered  in  the 
case  of  the  stomach  tissue  than  in  the  preceding  experiment,  but  in 
neither  the  stomach  or  intestine  is  there  any  evidence  of  change  in 
the  reducing  power  oi  the  sugar  before  and  after  treatment  with  sul- 
phuric acid.  In  this  connection  it  is  to  be  remembered,  that  the  only 
ground  for  belief  in  the  existence  of  a  dehydrating  ferment  in  the 
stomach  is  the  change,  noticed  by  Pavy,  in  the  reducing  power  of 
the  sugar  under  the  above  method  of  treatment.  Our  method  of 
treatment  with  sulphuric  acid,  moreover,  both  as  to  the  length  of 
time  the  mixtures  were  heated  and  the  strength  of  acid  employed,  was 
in  accord   with  the  method  used  by  Pavy.     In  addition^  the  same 
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method  of  treatment  was  applied  to  a  known  solution  of  maltose  with 
satisfactory  results,  viz  :  a  rapid  and  complete  change  into  dextrose 
as  attested  by  the  proper  proportional  increase  in  reducing  power. 
Furthermore,  we  are  led  to  infer  from  Pavy's  results  that  the  action 
of  the  ferment  is  to  be  seen  to  the  best  advantage  in  the  rabbit. 
Thus  Pavy  states,*  that  without  having  made  any  precise  compara- 
tive observations,  ^  I  am  under  the  impression  that  the  stomacb  and 
the  intestine  of  the  rabbit  act  more  energetically  than  the  stomach 
and  intestine  of  the  other  animals  I  have  tried.  It  also  appears  to 
me  that  the  stomach  acts  more  energetically  than  the  intestine,  and 
in  some  instances  I  have  noticed  that  the  effect  produced,  has  stood 
in  relation  to  the  amount  of  ferment  material  used."  The  latter  half 
of  this  statement  would  tend  to  indicate  that  the  main  reason  for  our 
not  recovering  all  of  the  glucose  is  to  be  found  either  in  a  lack  of 
sufficient  washing  of  the  tissue  residue  at  the  end  of  the  experiment, 
or  else  in  a  slight  feimentation  by  which  a  portion  of  the  sugar 
might  be  decomposed  ;  for  as  is  to  be  noticed  in  nearly  all  of  the  ex- 
periments recorded  here,  far  less  sugar  is  lost  in  the  stomach  than  in 
the  intestine,  whereas  if  due  to  change  in  reducing  power  from  the 
action  of  a  dehydrating  ferment,  the  greatest  loss,  Pavy's  statement 
being  correct,  would  be  observed  by  contact  with  the  stomach  tissue. 
On  the  contrary,  our  results  show  greatest  loss  in  the  intestine,  which 
if  due  to  mechanical  reasons  would  be  naturally  explained,  since  the 
glairy  mass  of  tissue,  even  after  boiling,  affords  mechanical  obstacles 
to  a  thorough  extinction.  That  this  is  doubtless  the  true  explana- 
tion, in  part  at  least,  is  evidenced  by  the  fact  that  a  portion  of  the 
stomach  or  intestine,  previously  boiled  with  water  to  destroy  its 
vitality,  yields  results  after  the  same  order  as  those  already  ^ven, 
except  that  the  amount  of  sugar  recovered  is  greater,  as  would  nat- 
urally be  expected  since  the  tissue  being  already  coagulated  would 
not  enclose  the  sugar  so  completely.  Thus,  on  warming  one-half  of  a 
rabbits'  stomach,  previously  divided  and  boiled  with  water,  with  O-200 
gram  of  glucose  for  two  hours,  there  was  recovered  01910  gram  of 
the  glucose;  while  from  a  portion  of  the  small  intestine,  likewise 
boiled  and  treated  with  the  same  amount  of  glucose,  there  was  recov- 
ered only  0*1840  gram  of  the  sugar.  Furthermore,  fermentation  of 
the  sugar  would  naturally  occur  more  quickly  in  the  intestines  than 
in  the  more  compact  stomach  tissue.  Bo  that  as  it  may,  the  reduo- 
ing  power  of  neither  solution  was  affected  by  boiling  with  dilate  sul- 
phuric acid. 


*  Chemical  News,  vol.  xlix,  p.  141. 
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Third  experiment, — A  rabbit  in  a  condition  of  hunger  was  killed, 
the  stomach  divided  longitudinally  along  the  curvatures,  and  one-half 
after  being  cleaned  and  iinely  divided,  was  placed  in  contact  with 
0*200  gram  of  glucose  dissolved  in  70  c.  o.  of  water,  and  warmed  at 
48*8°  C.  for  one  and  one-half  hours.  The  mixture  was  then  heated 
to  boiling  with  the  addition  of  some  crystals  of  sodium  sulphate,  the 
tissue  and  coagulated  albumin  filtered  off  and  the  residue  washed 
with  about  300  c.  c.  of  hot  water.  The  fluid  was  concentrated, 
brought  to  a  volume  of  100  c.  c.  and  then  treated  as  in  the  preced- 
ing experiments.     Following  are  the  results  obtained  : 

Stomaoh. 

o.  Before  treatment  with  sulphuric  acid, 
26  c  c.  gave  0*0834  gram  Cu  =-0*0425  gram  dextrose  x  4=0*1700  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.  c  gave  0*0798  gram  Cu=s0*0407  gram  dextrose  x  4=0  1628  gram  dextrose. 

Here,  as  before,  there  is  no  evidence  of  any  change  in  the  charac- 
ter of  the  glucose ;  still  in  spite  of  the  comparatively  large  volume 
of  wash-fluid  used,  the  sugar  was  not  wholly  recovered. 

Fourth  experiment, — A  cat  killed  in  full  digestion  was  employed 
in  this  experiment.  One-half  of  the  stomach,  finely  divided,  was 
placed  in  contact  with  0*200  gram  of  glucose  in  75  c.  c.  of  water.  A 
portion  of  the  small  intestine  was  also  treated  with  a  like  amount  of 
sugar,  in  the  same  manner.  Both  were  warmed  for  three  hours  at 
48'8**  C,  then  treated  by  the  same  method  as  used  in  the  preceding 

experiments. 

Stomach. 

o.  Be/ore  treatment  with  sulphuric  acid. 
25  c. c.  gave  0*0879  gramCu  =00449  gram  dextrose  x 4=01796  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  a  a  gave  0*0886  gram  Gu  =  0*0452  gram  dextrose  x*4=:0'1808  gram  dextrose. 

Intestine. 

a.  Before  treatment  wi^  sulphuric  acid. 

25  c  c.  gave  0*0668  gram  Cu  =0*0342  gram  dextrose  x  4=0*1368  gram  dextrose. 

b.  After  treatment  with  sulphuric  acid. 

25  c.  c.  gave  0*0684  gram  Co  s0'0350  gram  dextrose  x  4=01400  gram  dextrose. 

Here  again,  there  is  no  evidence  whatever  of  any  change  in  the 
reducing  power  of  the  sugar  solution. 

Pary  has  also  pointed  out  that  the  stomach  and  intestine  of  the 
rabbit,  as  well  as  of  other  animals,  have  a  transformative  action  on 
saoobarose  as  well  as  on  dextrose.    The  transformative  energy  how- 
Traks.  Conn.  Acad.,  Yol.  VII.  33  Nov.,  1886. 
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ever  of  the  intestine,  is  much  greater  in  this  case  than  that  of  the 
stomach;  which,  according  to  Pavy,  accounts  for  the  early  discovery 
by  Bernard  of  the  well  known  action  of  the  intestine  on  cane  sugar. 
Bernard  supposed  dextrose  to  be  formed,  but  Pavy  shows  that  maltose 
or  a  body  resembling  maltose  in  reducing  properties,  is  the  usual 
product  and  that  glucose  or  dextrose  is  formed  only  in  the  presence 
of  considerable  ferment.  The  ferment  which  produces  this  change, 
unlike  the  ferment  which  acts  upon  glucose,  is  situated  on  the  surface 
of  the  mucous  membrane  and  thus  frequently  the  contents  of  the 
stomach  are  likewise  found  to  possess  transformative  power. 

Fifth  experiment. — A  rabbit  with  stomach  partially  filled  with 
food  was  killed,  the  stomach  rinsed  with  water,  then  minutely  divided 
and  separated  into  two  equal  parts.  One  portion  was  placed  in  con- 
tact with  0'195  gram  of  glucose  in  75  c.  c.  of  water,  while  the  other 
portion  was  mixed  with  a  like  amount  of  pure  saccharose,  also  in  75 
c.  c.  of  water.  A  portion  of  the  small  intestine  was  likewise  finely 
divided  and  one  portion  placed  in  contact  with  0*195  gram  of  glucose 
in  75  c.  c.  of  water  and  the  other  portion  with  0*200  gram  of  saccha- 
rose dissolved  in  75  c.  c.  of  water.  All  four  mixtures  were  warmed  at 
48*8**  C.  for  two  hours,  then  heated  to  boiling  with  the  addition  of 
sodium  sulphate'  and  finally  each  brought  to  a  volume  of  100  c.c. 
25  c.  c.  of  the  saccharose  solution,  which  had  been  in  contact  with 
the  stomach  tissue,  gave  no  reduction  whatever  with  Fehling's  solu- 
tion. 25  c.  c.  of  the  saccharose-intestine  solution,  however,  gave 
0'0726  gram  Cu,  equivalent  to  00371  gram  dextrose. 

With  the  glucose  solutions,  the  following  results  were  obtained : 

Stomach. 

a.  Before  treatment  with  sulphuric  add. 
25  c.  c.  gave  0090 6  gram  Ou  =0'0462  gram  dextrose  x 4=0-1848  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.c.  gave  0*0889  gram  Cu  =0  0454  gram  dextrose  x 4=0*1816  gram  dextrose. 

Intestine. 

a.  Before  treatment  with  sulphuric  acid. 
25  c.c.  gave  0*0712  gram  Ou  =00364  gram  dextrose  x 4=0*1466  gram  dextrose. 

h.  After  treatment  with  sulphuric  acid. 
25  c.  c.  gave  0*0689  gram  Cu  =:0'0353  gram  dextrose  x  4s=0-1412  gram  dextrose. 

With  glucose,  the  same  results  are  to  be  observed  here  as  in  the 
preceding  experiments ;  the  only  variations  in  reducing  power,  before 
and  after  treatment  with  sulphuric  acid,  being  such  as  would  come 
within  the  ordinary  limits  of  error.     In  one  single  case,  a  transforms- 
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tioD  of  saccharose  was  noticed  when  the  sugar  solution  was  warmed 
for  two  hours  with  a  portion  of  stomach  tissue  from  a  rabbit  killed 
in  full  digestion.  The  reduction  with  Fehling's  solution  was  quite 
strong. 

With  glucose,  however,  many  experiments  have  been  tried  in  addi- 
tion to  those  given  above,  and  invariably  with  the  same  negative 
result  The  conditions  of  the  experiments,  moreover,  are  in  many 
cases  identical  with  those  of  Pavy's  except  in  the  method  of  deter- 
mining reducing  power.  There  seems,  therefore,  to  be  no  plausible 
explanation  of  the  results  obtained,  other  than  that  in  the  above 
experiments  there  was  no  dehydrating  ferment  present.  Pavy  states 
that  the  ferment  in  question,  or  rather  **  the  active  principle  con- 
cerned in  the  transformation  of  glucose  is  susceptible  of  being  de- 
stroyed by  the  agency  of  gastric  digestion,"  so  that  there  is  the  pos- 
sibility of  such  destructive  action  having  taken  place  in  the  stomach 
of  the  animals  experimented  with.  It  is  further  stated,  however, 
that  the  converting  principle  is  situated  in  the  underlying  portion  of 
the  mucous  membrane,  so  that  destruction  could  hardly  be  expected, 
except  perhaps  in  the  slow  self-digestion  occurring  after  death.  Cer- 
tainly, the  carefully  rinsed  tissue  could  not  have  retained  sufficient 
gastric  juice  to  affect  the  results.  Furthermore,  such  decomposition 
would  apply  only  to  the  stomach  mixture  and  not  to  the  intestines, 
unless  sufficient  proteolytic  ferment  from  the  pancreatic  juice  should 
adhere  to  the  walls  of  the  intestines  to  exert  destructive  action  ;  but 
in  the  last  experiment  given,  it  is  to  be  noticed  that  the  saccharose 
ferment,  which  is  presumably  equally  sensitive,  showed  vigorous 
action  while  the  glucose  was  unaffected. 

It  seems  strange,  therefore,  if  such  a  dehydrating  ferment  is  norm- 
ally present  in  the  alimentary  tract,  that  we  have  not  been  able  to 
obtain  some  tangible  evidence  of  its  presence,  either  in  the  stomach 
or  intestines. 

Since  the  above  was  written,  the  writer  has  noticed  that  M. 
Ogdta,*  experimenting  with  dogs,  has  also  been  unable  to  confirm 
Pavy's  results,  both  in  the  dehydration  of  glucose  and  in  the  inver- 
sion of  saccharose. 


*See  Jahresbericht  fiir  Thierchemie,  xv,  275. 
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Art.  IV.— The  Amylolytic  Action  of  Diastase  of  Malt,  as 
modified  by  various  Conditions,  studied  quantitatively. 
By  R.  H.  Chittenden  and  G.  W.  Cummins, 44 

Art.  v.— Influence  of  certain  Therapeutic  and  Toxic  Agents 
ON  THE  Amylolytic  Action  of  Sauva.  By  R.  H.  Chitten- 
den and  H.  M.  Painter, 60 

Art.  VI.— Influence  op  various  Inorganic  and  Alkaloid 
Salts  on  the  Proteolytic  Action  of  Pepsin-Hydrochloric 
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Ai-BAWT.— JV5w>  York  State  Library, 

Animal  report.     LXVII-LXIX,  1884-88.    S©. 
Nem  York  State  Mumwn  of  NaJtund  Higtory, 

Report.     XXXII,  XXXVIII,  XXXIX,  1878-86.    8°. 
American  AMoeiatUm  for  the  Advancement  of  Science, 

Proceedings.    Meeting  xxxvi,  xxxvii,  1886-87.    Salem,  1887-88.    8°. 
A?iHAPOLi&— rTni/Ml  Statet  Naval  Institute. 

Proceedings.    Vol.  XUI,  XIV.  1,  2, 1887-88.    8o. 
BALTmoRB. — Johns  ffopkin»  University, 

Araertcan  chemical  journal.    Vol.  VIII.  6,  IX.  X.  1-4, 1886-S8.    8o. 

Studies  from  the  biological  laboratory.    Vol.  HI.  9,  IV.  1-4, 1887-88.    So. 

University  circnlars.    No.  63,  1888.    4^. 

Observations  on  the  embryology  of  Insects  and  Arachnids.    By  Adam  T. 
Bruce.    1887.    4o. 
Boeroiv.    Scientific  Society. 

Science  observer.    Vol.  V.  1-3, 1886-87.    8o. 
American  Academy  of  Arts  and  Sciences, 

Proceedings.    Vol.  XXII,  1886-87.    8°. 
Society  iff  Natural  History, 

Memoirs.    Vol.  IV.  1-6, 1886-8a    40. 

Proceedings.    Vol.  XXIII  pp.  289-528,  1886-88.    80. 
Brooklth.— J^tomoto^icoj  Society. 

Entomologica  Americana.    Vol.  IL  9-12,  III,  IV.  1-4,  1886-88.    8°. 
CA3fBRn>6E. — Harvard  College. 

Annual  reports  of  the  president  and  treasurer.    1885-6, 1886-7.    8°. 

Record  of  the  commemoration,  Nov.  5-8, 1886,  of  the  250th  anniversary 
of  the  founding  of  Harvard  College.    1887.    8°. 
Astronomical  Observatoi'y  of  Harvard  College. 

Annals.    Vol.  XHL  2,  XVII,  XVTII.  1-5,  1887-88.    40. 

Annual  report.    XLI,  XLII,  1886-87.    8°. 

Henry  Draper  Memorial     Annual  report.    1, 11, 1887-88.    4<^. 

Boyden  Fund.    Circular,  no.  2, 1887.    40. 

Museum  of  Comparative  Zoiilogf  at  Harvard  College, 

Memoirs.    Vol.  XV,  XVI.  1,  2,  1887.    4©. 

Bulletin.    Vol.  XIU.  2-9,  XIV,  XV,  XVI.  1,  XVII.  1,  1886-88.    80. 
AddiuU  report.    1886-«7.    S®. 

Bntomotcffieai  avb. 

Ptyche.     No.  136-187, 141-146,  1885-88.    8©. 


L 


XX  Additions  to  the  Library, 

Chapbl  nvLL.—Elisiha  MUehdl  8eierU{flc  Society. 

JouraaL    1886-86,1887,    8o. 
CRknu^rov,— Elliott  Society  of  Science  and  Art. 

Proceedings.    Vol.  II  pp.  81-160,  1875-87.    8o. 
Chicago.— The  AraericaD  antiquarian  and  oriental  journal.    Vol.  IX,  X  1-3, 1886- 

87.    8o. 
CiKCiNK  ATI.— Observatory. 

PubUcatlone.    No.  9,  1887.    8°. 
Society  qf  Natural  Histcry. 

Journal.    Vol,  IX.  4,  X,  XI.  1, 1886-88.    8©. 
Daybnport.— ilcodemy  of  Natural  Sciences. 

Elephant  pipes  and  Inscribed  tablets  In  the  museum  of  the  Academy.    By 
Charies  E.  Putnam.    2d  ed.    1886.    8°. 
Frakkfobt. — Kentucky  Oeological  Survey. 

Bulletin.    No.  1, 1879.    8o. 

Chemical  analyses.    A.  Vol.  II,    1885.    8o. 

On  the  fossil  Brachlopods  of  the  Ohio  valley.    By  N.  8.  Shaler.    4^. 

On  the  prehistoric  remains  of  Kentucky.   By  L.  Carr  and  N.  8.  Shaler.  4^. 

Information  for  emigrants.    By  John  K.  Procter.     1888.    8°. 

Notes  on  the  rocks  of  Central  Kentucky,  with  list  of  fossils.    By  W.  M. 
Llnney.    1887.    8®. 

Report  on  the  geology  of  Mercer  county.     By  W.  M.  Linney.    1S87.   8*^. 

Report  on  the  Pound  Gap  region.    By  A.  R.  CrandiUl.    1885.    8«. 

Report  of  a  reconnoissance  of  a  part  of  the  Breckenridge  coal  district. 
By  Charles  J,  Norwood.    8°. 

Report  of  the  geology  of  a  section  near  Compton,  Wolfe  county.    By  P. 
N.  Moore.    8°. 

Report  on  the  progress  of  the  survey,    1882-83,    1884-85,  1886-87.    By 
John  R.  Procter.    8°. 

Geological  maps.    14  sheets. 
Granville. — DennUon.  University. 

Bulletin  of  the  scientific  laboratories.    Vol.  I-IIT,  1875-78.    8^. 
Harrisburo. — Second  Geological  Survey  qf  I^nsylvania. 

Annual  report.    1886,  pt.  I-III,  with  atlas.    8°. 

Atlas  of  Western  Middle  Anthracite  field.    Pt.  II  (AA).    1887.    8«. 

Atlas  to  report  on  Bucks  and  Montgomery  counties.    (C).    1888.    8®. 
Madison. —  Washbume  Observatory. 

Publications.    Vol.  V,  1886.    8°. 
lAxRumm.— Scientific  Association. 

Transactions.    Vol.  II,  1885-86.    8o. 
MiDDLETOWN.—  Wcsleyan  University. 

Annual  report  of  the  curators  of  the  museum.    XVII,  1887-88.    8®. 
Minneapolis.— G'eo^ura/  and  Natural  History  Sw^'ey  qf  Minnesota. 

Annual  report.    XV,  1886.    S°. 

Bulletin,    No.  2^,  1887.    8©. 
Minnesota  Academy  of  Natural  Sciences. 

Bulletin.     1875,  1876,  1878-79.    8«>. 
Mt.  Hamilton.— //wA:  Observatory. 

Publications.     Vol.  I,  1887.    4®. 
New  OKLBkHS.— Academy  of  Sciences. 

Papers.    Vol,  I.  1,  1886-87.    8°. 
New  YonK.— Academy  of  Sciences. 

Annals.    Vol.  III.  11, 12,  IV.  1^,  1886-88.    8^. 

Transactions.    Vol.  IV,  V.  7-8,  VI,  1884-87.    8o. 
American  Geographical  Society. 

Bulletin.     Vol.  XVII.  4,  5,  XVIII.  2-5,  XIX,  XX.  1,  2,  1885-88,    S^. 
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Niw  Xo^JL,— American  Jfusewn  of  Natural  History, 

Bttlletin.    Vol.  I.  8,  II.  1, 18»^-87.    8o. 

Annual  report.   1887-88.    8o. 
Aiior  LSlnrary. 

Annual  report.    XXXVIU,  1886.    8o. 
Mkrosecpical  Society. 

Joanial.    Vol.  Ill,  IV.  1,  2, 1887-88.    8o. 
romy  Botanical  Club. 

Bulletin.    Vol.  XIII.  10-12,  XIV,  XV.  1-7,  188«-88.    8o. 
Philidilphia. — Academy  of  Natural  iSeiences. 

Journal.    Series  II.    Vol.  Vin.  4,  IX.  1,  2, 1874-88.    4°. 
Franklin  Institute. 

Journal.    VoL  CXXIII-CXXV,  CXXVI.  1,  2,  1887-88.    8o. 
Wagner  Free  Institute  of  Science. 

Tranaactions.    Vol.  1, 1887.    8^. 
PouoHKKEPsiB.     Vossor  Brothers  InstUiUe, 

Transactions.    Vol.  IV,  1^85-87.    8°. 
RocHWTiR.— TFiir««*  Observatory. 

History  and  work.    Vol.  I,  1883-^.    8°. 
SiCRiMEKTo. — Calif omia  Stale  Mining  Bureau. 

Annual  report  of  the  state  mineralo^st.    VII,  1887.    8^. 
^ALEu.— Essex  Institute. 

Bulletin.    Vol.  XVIII.  4-12,  XIX,  1886-87.    8®. 
8aii  fnAVCisco.— California  Academy  of  Sciences, 

Memoirs.    Vol.  IL  1, 1888.    4°. 

BuUcUn.    No.  6-8,1887.    8^. 
Technical  Society  qfthe  Ihc^flc  Coast. 

Transactions  and  proceedings.    Vol.  IV,  V.  1,  1887-88.    8^. 
3iNTA  Baabasu. —Society  of  Natural  History. 

BttlleUn.    No.  1,  1887.    8o. 
^VfLUVka.— Georgia  Historical  Society. 

The  life  and  services  of  the  Hon.  Maj.  Gen.  Samuel  Elbert,  of  Georgia. 
By  Charles  C.  Jones,  Jr.    1887.    8^. 
ToFtKA.—  Washbw;^  College  Laboratory  <f  Natural  History. 

BaUetin.    Vol.  I.  8, 1887.    %<^. 
TBtHTOH,  N.  Z.— Natural  History  Society, 

Journal    No.  2,  3,  1887^88.    8o. 
Washimgtom. — Bureau  of  Education. 

Report  of  the  commissioner  of  education.    1884-86, 1886-86.    8o. 

Circulars  of  information.    1886  i,  1887  i-Ui.    8°. 
Chi^  Signal  Officer. 

Annual  report.    1885,  1886, 1887  pt.  1.    S^. 
UniUd  States  Geological  Survey. 

Annual  report.    V,  VI,  188^-84, 1884-35.    8o. 

BuUetin.    No.  30-39,  1880-87.    8o. 

Monographs.    Vol.  X.  XI,  XII,  1885-86.    4°. 

Mineral  resources  of  the  United  States.    1885, 1886.    S°. 
United  States  Naval  Observ€Uory. 

Astronomical  and  meteorological  observations.    1882,1883.    4°. 
Smithmnian  Intititution. 

Annual  report.    1884,  1885.    8<^. 

Annual  report  of  the  Bureau  of  Ethnology.    IV,  1882-83.    8o. 

Bibliography  of  the  Eskimo  language.    By  James  C.  Pilling.    1887.    8<>. 

Bibliography  of  the  Siouan  languages.    By  James  C.  Pilling.    1887.    8°. 

The  use  of  fcold  and  other  metals  among  the  ancient  inhabitants  of  Chiri- 
qui,  Isthmus  of  Darien.    By  William  H.  Holmes.    1887.    8°. 
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W A^BIVOTOK. —Smiihaonian  Irutiiuium. 

Work  in  monnd   uxploratioo  of   the  Bureau  of  Ethnology.     Bjf  Gyros 
Thomas.    1887.    8°. 

Perforated  stones  from  CaUfomla.    By  Henry  W.  Henshaw.     1887.   8°. 
Worcester. — American  AnOquarian  Society. 

Proceedings.    New  series.    Vol.  IV.  3,  4,  V.  1, 1886-«7.    8o. 


kuiWB.— Society  Unneenne  du  Nerd  de  la  France. 

BulleUn.    No.  151-174,  1885-86.    8®. 
AM8TBRDAM.— iTcm.  Akodemie  van  Weiefischappen. 
.  Jaarboek.    1885.    8^. 

Verslagen  en  mededeelingen.    Afdeel.  natuurkunde.   3de  reeks.    Dcel  II. 
1886.    8o. 
AvQ93UiiO.—Naturhigtori9e?ier  Verein. 

Bericht.    XXXIII-XXXVII.  1883-87.    8°. 
AvxURnE.—Societe  dea  Sciences  ffistoriques  et  NafureUes  de  V  Tonne. 

Balletln.    Tome  XL.  2,  XLI,  1886-87.    80. 
BAL^tiERQ.—yatftrfomchende  Oetdlaehaft. 

Bericht.    XIV,  1887.    8°. 
'  BAj>iKL.—Naturfor9chende  Oetdlaehe^ft. 

II  Verhandlungen.    Theil  VIII.  1,  2,  1886-87.    8°. 

BAtAViA.— iCon.  Natuurkundiffe  Vcreeniging  in  Nederlandttch- Indie. 

Natuurkundige  tljdschrift.    Deel  XLVI,  XLVII,  1887.    8°. 
^ Magnetical  and  Meteorological  Observatory. 

Observations.    Vol.  VI  supplement,  VII,  IX,  1886-87.    4^. 
B  S«G  BN.— 3/uwMm. 

Aarsberetnlng.    1886.    8o- 
Bv^ftJ^iv. —Kimiglicfie  Stei-nwarU. 

Berliner  astronomlsches  Jahrbncb.    1889, 1890.     8°. 
BoLOQNA.— -B.  Aeeademia  deUe  Scienze  ddV  IstUuto  di  Bologna. 

Rendiconto.    Anno  1886-87.    8©. 
Bombay  —Botnbay  Branch  of  the  Hoyal  Asiatic  Society. 

Journal.    No.  XL V,  XLVI,  1887.    8o. 

Index  to  Transactions  vol.  I-III,  and  Journal  vol.  I-XVII.    1886.    8°. 
— Goveniment  Observalory. 

Magnetical  and  meterological  observations.    1885.    4°. 
%^^^,-^Natarhi9loriecher    Verein  der  preussiechen  Rheinlande,   Weetfatens  und  da 
Btg.-Bezirks  Omabriick. 

Verhandlungen.    Jabrg.  XLIII.  2,  XLIV,  1886-87.    8°. 
Bov,dejlVX.— Academic  Nationale  des  Sciences,  Bdles-LeUres  et  Arts. 

Actes.    Ann^e  XLVII,  1885.    8°. 
— — ^Societe  Linneenne. 

Actes.    Tome  XXXIX,  1885.    S^. 

Proc^s-verbaux.    1886.    8°. 
-^^^Societe  des  Sciences  Physiques  et  Natvrelles. 

Memoires.    3«  ser.    Tome  II.  2,  appendlce  iii.  III.  1,  1886.    8°. 
BUAUNSCHWEIO.—  Verein  fuT  liaturwissenachqfl. 

Jahresbericht.    Ill,  IV,  1881-86.    8°. 
nii%yiEV.—Naturtnssensch(tfllieher  Verein. 

Abhandlungen.    Bd.  IX.  4,  X.  1,  2, 1887-88.    8o. 
ElimeLJLV.—Schlesische  OeselUichaflfar  vaterldndische  CnUur. 

JahresBericht.    LXIII  u.  Erganz.,  LXIV  u.  Erganz.,  1885-86.    8^. 
BRi^v.—Naturforscher  Verein. 

Verhandlungen.    Bd.  XXIV,  XXV,  1885-86.    8^. 

Bericht  der  raeteorologischen  Commission.    V,  1885.    8^. 
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Bruxbllrs. —J.«ad^mif  BoyciU  dt»  Seimces,  des  LeUres  et  dea  Boaux-Arta  de  Bdgique 

Memoires.    Tome  XLVI,  18S6.    40. 

M^moires  cooronn^B  et  memoires  des  savants  Strangers.    Tome  XL VII, 
XLVin,  1886.    40. 

Memoires   conronnes  et  aatres  memoires.    Tome  XXXVII  —  XXXIX, 
1886.    80. 

Bulletins.    8»  s^r.    Tome  IX  -XII,  18854J6.    %<>. 

Annualre,    Ann«ie  LU,  LIII,  1886-87.    80. 

Notices  biographiqnes  et  bibliog^raphiques.    1886.    80. 

Catalogne  des  livres  de  la  biblioth^que.    Partie  I,  II.  1,  2.  1881-87.    S^. 
Musie  Jioyal  de  VHUtoire  Ncdurdle. 

BoUeUn.    Tome  IV.  4,  1886.    8°. 
SodSie  Sntomoiogiqve  de  Belgiqtie, 

Annales.    Tome  XXX,  1886.    Table  gt^n^rale,  tome  I- XXX.    1887.    8©. 
Sodtfte  Boifale  Beige  de  O^ographie. 

Bnlletin.    Ann^e  X.  ^-6,  XI,  1886-87.    80. 
Sod^ti  Moyale  de  Botanique, 

BuUettn.    Tome  XXV.  3.  XXVI.  1, 1886-87.    8°. 
8ocU(^  Moyale  Malaeologique  de  Beigique. 

Annales.    Tome  XXI,  1886.    80. 

Proc^verbaux.    Tome  XV  pp.  97-143,  XVI  pp.  1-80,  1886-87.    8°. 

Statuts.    2«dd.     1886.    8<>. 
BncARBST.— /fuWuf  MiUorciogique  de  Movmanie. 

Annales.    Tome  I,  U,  1885-86.    40. 

SenricinlQ  meteorologies  in  Europa.    Note  de  cSl^torii  de  inginerQ  St* 
C.  Hepites.    1884.    4°. 
BuPAPBST. — Kon.  ung.  Central  AmtaU  fur  Meteorologie  uttd  Erdmagnetiemua. 

Jahrbucher.    Jahrg.  XV,  18*».    40. 
Buenos  Ainwi.—Mueeo  Publico. 

Anales.    Entrega  XIII,  XIV,  188B-85.    4^. 

Alios  de  la  description  pbyslqae  de  la  Republiqne  Argentine.    Par  H.  Bur- 
meister.    Section  IL    Mammiferes.    Livr.  1-3, 1881-86.    t^. 
Sociedad  Cient{fiea  Argetitina. 

Anales.    Tome  XXII.  5,  6,  XXIII,  XXIV,  XXV.  1, 1886-88.    8©. 

Estndio  critico  y  comparativo  de  las  reglas  de  Descartes  y  de  Newton  re- 
specto  al  nnmcro  de  raices  de  las  ecuoclones  numericas.    Por  Arturo 
Orzabel.    1886.    8°. 
CiLMK.—Soei^td  lAnnSenne  de  Normandie. 

Bnfletin.    4«  s^r.    Vol.  I,  1886-87.    8°. 
Calcutta.— ^«a«<?  SoeiHy  of  Bengal. 

Journal.    Vol.  LV,  pt.  i,  no.  3,  4 ;  pt.  ii,  no.  8-« ;  LVI,  pt.  i,  no.  1-3 ; 
pt.  il ;  LVII,  pt.  il,  no.  1 ;  1886-88,    8^. 

Proceedings.    1886,  no.  ^10, 1887. 1888,  no.  1-8.    8°. 

Descriptions  of  new  Indian  Lepidopterons  insects  from  the  collection  of 
the  late  Mr.  W.  8.  Atkinson.    Pt.  Ill,  1888.    40. 
Oetilogieal  Survey  qf  India, 

Palseontologia  Indica.    Ser.  I,  vol.  i,   pt.  1,  (reprint) ;  X,  vol.  iv,  pt.  8, 
XII,  vol.  iv,  pt.  2;  Xm,  vol.  I,  pt.  6;  1886-87.    4°. 

Memoirs     Vol.  XXIV.  1,  1887.    80. 

Records.    Vol.  XX,  XXI.  1, 2, 1887-88.    8°. 

Manual  of  t»»e  geolog>'  of  India.    Pt.  IV.  Mineralojjjy.    1887.    8«>. 

Catalogue  of  the  remains  of  Siwalik  Vertebrata  in  the  Indian  musenm, 
Calcutta.    Pt.  1,  Mammalia.    Pt.  2,  Aves,  Reptilia  and  Pisces.    Pleisto- 
cene and  prehistoric  Vertebrata.    1885-86.    8°. 
Meteondogieal  Department  of  the  Oovemment  of  India. 

Indian  meteorological  memoirs.    Vol.  IV.  2-4,  1884-86.    f^'. 
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Calcutta. — Meteorological  Department  of  the  Oovemment  of  India, 
Report  on  the  meteorology  of  India.    1885,  1886.    1°. 
Ueport  on  the  administration  of  the  meteorological  department!    1885-86, 

1886-87.     to. 
Meteorological  obseryationB  recorded  at  six  stations  in  India.      1886  Julj- 

Dec,  1887.    fo. 
Cyclone  memoirs.    Pt.  I,  1887.    8o. 

Charts  of  the  Bay  of  Beng^  and  adjacent  sea  north  of  the  equator  show- 
ing the  mean  pressure,  winds  and  currents  in  each  month  of  the  year. 

1886.  fo. 

showing  the  specillc  gravity,  temperature  and  currents  of  the 

sea  surface.    1887.    P. 

Memoirs  of  the  winds  and  monsoons  of  the  Arabian  Sea  and  North  Indian 
Ocean.    By  W.  L.  Dallas.    1887.    4°. 
CAUBRlDOE.—PkUoMphical  Society. 

Transactions.    Vol.  XIV.  1,  3, 1885-87.    4°. 

Proceedings.    Vol.  V.  6,  VI.  1-3, 1886-87.     4°. 
Casbel.—  Vereiufar  Naturkunde. 

Bericht.  XXXII-XXXIII,  1884-86.    8^. 
Ckerbovho. —Socu^te  Nationale  des  Sciences  Naturdtes. 

Mt^moires.    Tome  XXV.  1887.    8o. 
Cbkistiania. — Kong.  Nonke  Univerntet. 

Norges  vwxtrige.    Af  Dr.  F.  C.  Schubeler.    Bd.  I.  2,  II.  1.    1886.    4o. 

Joannis  Agricolic  Islebiensls  apothcgmata  nonnulla  nunc  primum  edidit 
Dr.  L.  Daae.    1886.    4°. 
Norwegiscftes  meteorclogisches  InstUut, 

Jahrbuch.    2885.    4°. 
Ntn-wegian  Nbrth-AtiatUic  ExpedUiofi,  1876-78. 

Publication  XVI-XVIII.    1886-87.    4°. 
Videtiskabs  Selskabet. 

Forhandllugar.    1886.    8°. 
CuuK. — Naturfor»chende  Oesdlm'funfl  Graubiindens. 

Jalires-Berlcht.    NeucFolge.    Jahrg.  XXIX,  XXX,  1884-«5,  i885-86.    8°. 
Cordoba. — Academia  Nadonal  de  Ciencias, 

Actas.    Tomo  V.  3, 1886.    4o. 

Boletin.    Tomo  IX,  X.  1,  1886-87.    8°. 
Danziq. — Naiurforgchende  GesdUchaft. 

Schriftcn.     Neue  Folge.     Bd.  IV.  4,  VI.  4,  1878-84.    8°. 
Dijon. — Acadt'mic  den  Sciences^  Arts  et  BeUes-Lettren. 

Memolres.    3«  svr.    Tome  IX,  1885-86.    8°. 
DoRPAT.—Gelefirte  Estniselie  Grsellschqfl. 

Sitxungsberlchte.    1886.    8°. 
Naturforscher-QeseUschqfl  hei  der  UniversUtU  Dorpat. 

Archiv  fiir  die  Naturkunde  LivEhst-und  Kurlands.    Ser.  I.    Bd.  IX.  4, 

1887.  8°. 

Sitzungsbcrichte.    Bd.  VIII.  1,  3,  1886-87.    8o. 

Schriften.  II-IV,  1887-88.    8°. 
Dbesden. — Naturwissensch({filiche  Oesdlschaft  iMs. 

Sitzungsbcrichte  und  Abhandlungen.    1885  Juli-Dec,  INS6,  1887.    «°. 
DVBI.IH. —Jioyal  IrUh  Academy. 

Transactions.    Vol.  XXVI.  22,  XXVII.  6-8,  XXVIII.  21-25,  1879-86.    4°. 

Proceedings.    Ser.  II.    Science.    Vol.  IV.  5,  1886.    8^. 

Cunningham  memoirs.    No.  I-IV,  1880-87.    4^. 
Edinburgh. — Geological  Society. 

Transactions.     Vol.  V.  2.  3, 1887.    8°. 

Catalogue  of  the  library.    1887.    8o. 
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EDmBUROH.— 1^0^  Phytdeal  Society, 

Proceedings.    Vol.  IX.  1, 1885-85.    8o. 
Royd  Soekiy. 

Proceedings.    Vol.  XII  pp.  345-1008,  XIII,  XIV,  1883-87.    8°. 

List  of  members.    Nov.  1887.    iP, 
f^MVEn.—Naturfortchende  OetdUeJuuft 

Jahresbericht.    L  XXI,  1885-86.    8°. 
Erfubt.— ifon.  Akademie  gemeinnuiziger  WiaMn9ehaften, 

Jahrbucher.    Neiie  Folge.    Heft  XIV,  1880.    S^. 
fiKESZM.—&blioieea  NaxUmale  CmtraU, 

Bollrttino  delle  pabblicazioni  ItaUane  ricevute  per  diritto  di  stampa. 
No.  25-61,  1887-88.    8o. 
FiiA?rK7iTRT  A.  VL.^IkuUche  malakozoologUche  OeaelUchftfl. 

Nachrichtsblatt.    Jahfg.  XVni.  11,  12,  XIX,  XX.  l-«,  1886-88,    8o. 
Senekenbergische  naturfarnehende  0€9^l*ehqfl, 

Abhandlungon.    Bd.  XIV.  2,  8,  XV.  1,  2,  1886-88.    4°. 

Bericht.     1886,  1887.    8o. 
Frkiburo  in  B.—Naturforaehende  OeadUchaft. 

Verhandlnngen.    Bd.  VIII.  8,  1885.    8°. 

Berichte.     Bd.  I,  1886.    8°. 
iiEnkvE.^InttUut  National  Omevois, 

Balletin.    Tome  XXVII,  XXVIII,  1885-88,    8°. 

Mt'molres.    Tome  XVI,  1888-86.    4«>. 
SocieU  de  Physique  et  (TBUdoire  Naturelle. 

Mt-molres.    Tome  XXIX.  2, 1886-87.    4°. 
GiESSF.N.— OfterAewMcA^  QtidUch^flfiir  NtUur-und  Heilhtnde. 

Bericht.    XXV,  1887.    8o. 
(iLAsoow. — Natural  History  Society. 

Proceedings  and  transactions.    New  series.  Vol.  I.  3, 1885-86.    8^. 
PltUomphical  Society, 

Proceedings.    Vol.  XVII,  XVIII,  1885-86,  188^-87.    8°. 
Qi)KLrtz,—NatHirfor9chende  OeeMtiehaft, 

Abhandlungen.    Bd.  XIX,  1887.    8°. 
GiVFTfNGBN. — Kiinigl,  (jttMtUtehqfl  der  WUmenKhaften. 

Nachrichten.    1886,  1887.    8°. 
GCsTROW.—  Verein  der  Freunde  der  Naturgettehiehte  in  Mecklenburg. 

Arcbiv.    Jahrg.  XL,  XLI,  1886-87.    8°. 
EkBkSA.^Jieal  Colegio  de  Bden. 

Obserraciones  magneticos  y  meteorologicaa.    1885  iv,  1886  i-iii.    4^. 
\UurkX,^ Department  of  Mines. 

Report.     1887.    8o. 
HiLLB. — Kai».  Leopoldiniseh'Caroliniitehe  deutsche  Akademie  der  Naturforscher. 

Leopoldlna.    Heft  XXII,  XXIII,  1886-87.    4o. 
Naturforsehende  OeftUsehqft. 

Abhandlungen.    Bd.  XVI.  4,  1886.    4o. 

Bericht.  1886,  1886.    8o. 
NaturwiM»eti}tcha/llicher  Verein  fur  Sacheen  und  ThUringen. 

Zeitschrift  fur  die  gesammten  Natnrwlssenschoften.    Bd.  LIX.  8-6,  LX, 
18S8-87.    8«. 
H4MBrBO. — Deutsche  Seewarte. 

ArchU.    Jahrg.  VIII,  IX,  1885-86.    40. 

MonatUche  Uebersicht  der  Wittemng.     1886,  1887,  1888  Jailuar,   Feb- 
raar.     8«. 
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HkUBT]RQ.—Naturwi8sensch€{fUieher  Verein. 

Abhandlunpren.    Bd.  IX,  X,  1885-87.    4o. 
WiMentehafUiche  AnxUilten. 

Jahrbuch.    Jahrg.  IV,  V,  1886-87. 
RKVVOYBH.—NdturhistoriacTie  Oaettschafl. 

Jahresbericht.    XXXIV-XXXVU,  1885-1887.    8©. 
UkXlXVL.^Musee  Teyler. 

Archi?e8.    S^rie  II.    Vol.  III.  1,  1887.    8*. 

Catalogue  de  la  bibliotht^qae.    Livr.  5,  6.   1880.     8<>. 

LiBte  alpb('ibetiqne  de  la  correspondence  de  Christian  Hnygfaens.    4^ 
SoHt'tS  HoUandaiM  des  Sdetices. 

Archives  neerlandaises  des  sciences  exactes  et  naturelles.     Tome  XXI. 
2-6,  XXII,  1885-87.    8°. 
Hblsingporb. — Socieku  Ssientiarvm  Fennica. 

6f?er8igt  af  forhandllngar.     XXVU,  1884-85. 

Bidrag  till  kannedom  af  Finlonds  natur  och  folic.    Haft.  XLIII,  XLIV, 
1886-87.     8©. 

Exploration  Internationale  des  regions  polaires,  1882-83  et  1884-85.   Expe- 
dition polaire  flnlandalse.    Tome  I,  II.  1886-87.    4°. 
InaHtut  Meteorologique  Central. 

Observations.    Vol.  I,  II.  1,  1882-^    4°. 
Hongkong. —  Observatory, 

Observations  and  researches.    1886.    f®. 
A^YiK.—Med%cinisch-^aturwiMenitchc^iehe  OeadUehafl. 

Jenalsche  Zeltschrlft  fCir  Naturwlssenscbaa,    Bd.    XX,  XXI,  XXII.  1,  % 
1887-88.    8o. 
MEL. — Konigl.  ChristUin  Albrechts- UniveraiU'U. 

Dissertationen,  etc.    (48).    1886-87. 
NaturwisaeMchaiftUcher  Verein  fiir  ScMeturig-HoUtein, 

Schriften,    Bd.  VII.  1,  1888.    8°. 
KiKV. —Kievskie  Obshchesttfo  leitegtvaUpytatdet. 

Zapiski.    Tom.  VIL  VIII  and  suppt.,  1883-87.    8©  and  4©. 
Kjobenhavn.— iTw.  Danake  Vtdenskabemes  SeLtkab. 

Oversigt  over  forhandllnger.    1886  li,  ill,  1887  I,  il.    8o. 
K()niosbbrg. — Konigl,  phystkalisch-ohononiiache  Oemihchafl. 

Schriften.    Jahrg.  XXVII,  1887.    4°. 
Krak6w. — K.  k.  Sternwarte. 

Matcryaly  do  klimatografli  Galicyi.    Rok  1886.    8^. 
Lausannb.— *S(tK^fe'  Vaudoiaedea  Scieneea  NatureUea, 

Bulletin.    3«  ser.     No.  94-96,  1886-87.    8°. 
Lbbds. —  TorkaJiire  Geological  and  Polyteehnie  Society. 

Proceedings.    New  series.    Vol.  IX.  2,  3,  1886-88.    8°. 
Lbidbn. — NederlafidacJie  Dierkundige  Vereeniging, 

Tijdscrift.    Ser.  II.   Deel  I.  3,  4,  II.  K  2,  1886-88.    8°. 
LEIPZIQ.—Aatnmomiache  OeaelUc?unft. 

Vierteyahrsschrift.    Jahrg.  XXII,  1887.    8©. 

Publication  XVI  fl.  1886.    4°. 
Kim.  aachaische   GeaeUachqft  der  Wiaaenaefiqften, 

Berlchte.    Math.-physische  Classe.    Bd.  XXXVIII,  XXXIX,  :886-«7.    8o. 

Verein  fur  Erdkunde. 

Mittheilungen.    1884-1886.    8©  and  f <>. 

Zoologischcr  Anzeiger.    No.  241-282,  1887-88.    8°. 

Li  ROB. — iSoci^U  Odologique  de  Bdgiqite. 

Annnles.    Tome  XUI.  1,  1887.    8°. 

Proces-verbal  de  Passemblee  gen<5rale  du  21  Nov.  1886.    8®. 
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\jiisfL—SodiU  Royale  cUs  Sciencen, 

M^moires.    H'  s^r.    Tome  XIH,  XIV,  1886-8a    8o. 
Lnrz.— JAiMim  Pranci»e<hOarolinum. 

Bericht.  XLIV,  XLV,  1886.    S°, 
LiSBOk^—SocMade  de  Otographia, 

Boletlm.    Serie  VI.  7-13,  VII.  1-8,  1886-87.    8°. 

Elogio  blfltorico  do  Antonio  Aug^sto  d^Ag^lsr.    Por  Gomez  de  Brfto. 
1887.    HO. 
LiTiKPOOL.— literary  and  PhUofuphieal  Society, 

Proceedings.    No.  XXXIX,  XL,  1884-86.    8o. 
UiHiiOH.—OtciUigieci  Society, 

Qnarterly  journal.    Vol.  XLIII,  XLIV.  1,  2,  1887-88.    8°. 
Lirt.    1887.    8°. 

lAnnean  Society. 

Journal.    Zoology.    No.  114-117,  126-29,  1886-87.    8o. 
Botany.    No.  145-149,  151,  158,  1886-87.    8©. 
Proceedings.    l88a-87.    8°. 
Ust,    1886-87.    8o. 

Maihematiad  Society. 

Proceedings.    No.  273-320, 1886-88.    8©. 
LI«t  of  members.    1887.    8®. 

Boyal  Melearolcgical  Society. 

Quarterly  journal.    New  aeriea.    No.  61-66, 1886-88.    8®. 
List  offeUows,  March  1,  1888.    8o. 

Ro^  Hiatorical  Society. 

Transactions.    New  series.    Vol.  III.  3,  4, 1886.     8°. 

England  and  Napoleon  In  1803,  being  the  despatches  of  Lord  Wentworth 

and  others.    Edited  by  Oscar  Browning.    1887.    8^. 
The  teaching  of  history  in  schools.    An  address  by  Oscar  Browning.  1887. 
8°. 

Royal  Micro»eopieal  Society. 

JonmaL    1887,  1888  i-iii,  8°. 

Jioyal  Society. 

Phflosophlcal  transactions.    Vol.  CLXXVII,  1886-87.    4©. 
Proceedings.    No.  2i&-269,  1886-88.    S°. 
List  of  council  and  members.    1886.    4^. 

Zooloffieal  Society. 

List  ofyertebrated  animals  now  or  lately  living  in  the.  gardens  of  the 
Zoological  Society  of  London.    8th  ed.  1883.    8^. 
Luirn.— Vniweraitet. 

Acta.    Tom.  XXII,  XXHI,  1886-87.    4^. 
IVXWMBOURQ.—Jfutitut  JSoyal  Orand-Ducal. 

Publications.    Section  des  sciences  math^matlques  et  naturelles.    Tome 

XX,  1886.    8o. 
Observations  m^t^rologlques.    Vol.  in,  IV,  1887.    8®. 
Ltor.— JTiu^tf  Ouimet. 

Annales.    Tome  X-XII,  1886-87.    4°. 

Revue  de  Thistoire  des  religions.  Tome  XIV,  2,  3,  XV,  XVI.  1. 1886-87. 
SAjurit^  dans  les  theatres.    Par  M.  l^Imile  Guimet.    1887.    8©. 
Ltkb  Rkgib.— i&nisdon   Obtervatcry. 

Publications.    Vol.  IV.  Meteorological  observations  for  1887.    4o. 
MadraSw— ^owmm^n/    Obeervatory, 

Observations  of  the  fixed  stars  made  with  the  meridian  circle,  1862-67. 
AP. 
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Ma.i>hid. — Comi*ion  dd  Mapa  Oeologicode  JEtpima, 

Boletln.    Tomo  XII.  2,  XIII.  2,  1885-86.    8°. 

Memoriae.    Descripciou  flsica  y  geologica  de  la  proviDcIa  de  Alava  Por 
D.  Rnmoo  Adan  de  Yarza.    1885.    8°. 

DeBcripcioD  flslca  y  geologica  do  la  provlncia  de  Zamora.    Por  D. 

Gabriel  Puig  y  Lnrraj!.    1883.    8°. 
OftsCTtwtorio. 

Obseryaciones  meteorologicas.    1882-83, 1884-K5.    8^. 

ResumeD  da  las  obseryacion^  efectuadas  en  la  pcDiosula.    1883.    8<'. 
-Soeiedad  JEnpancla  de  HuUma  Natural. 

Anales.    Tomo  XV.  8,  XVI,  XVII.  1,  1885-88.    S© 
Seal  Aoademia  de  Cieneias  Bxaeta^  Fifdeat  y  NaiurtUea, 

Memoriaa.    Tomo  XI,  XII,  XIII.  1, 1887.    4°. 

Revista  de  los  progresos  de  Ian  ciencias  exaetas.     Tomo  XXI.  7-9,  XXE 
1-4,  1886-87.    8o. 

Anuario.  1888.    8°. 
^kat>iiBVRQ.—Naturwi9sen«ch<]^icher  Verein. 

Jahresbericht  und  Abhandlungen.    1887.    8°. 

Das  Innere  der  Erde.  Vortrag  von  Dr.  pbil.  Ernst  Heintzmann  am  8.  Mii, 
1888.    8°. 
Mjincmbstbr.— /X^ary  and  FhUoaophieal  Society. 

Memoirs.    Series  III.     Vol.  X,  1887.    8°. 

Proceedings.    Vol.  XXV,  XXVI,  1885-«7.    8©. 
KARnr:RO. — OeadUchc^  zur  Beforderung  der  gettammten  NatHrwiMentchaflm. 

Sitzungsberlchte.    Jahrg.  1886,  1887.    8°. 
MET,B^:^URNE. — National  Muteum. 

Prodromus  of  the  zoology  of  Victoria.    Decade  I-XV.    1878-87.    8^. 
M  WfZ.—AcadSmie, 

M^molres.    8«  sit.    Ann^  XIII,  1883-84.    8o. 
yiMXVCO.—Ob9ervatorioMeteorologic(>-Magruiieo  Central. 

Boletin  mensuel.    Tomo  I.  1-5,  1888.    8°. 
Mtiseo  NaeUmal, 

Anales.    Tomo  III.  11,  IV.  1, 2, 1886-88.    4o. 
Sociedad  Gient\flea  ''AfUonio  AlzaU.'' 

Memorias.    Tomo  I.  1-5,  8-10,  12, 1887-88.    8©. 
Sociedad  de  Oeographia  y  Extadistiea, 

Boletln.    Epoca  III.    Tomo  VI.  4-9,  1887.    8^. 
Sociedad  Mexieana  de  Hiatoria  Natural. 

La  naturaleza.    Tomo  VII.  19-24.    8er.  U.    Tomo  I.  1-3.    1886-88.    4°. 
HnjlNO. — Real  latittUo  Lombardo  di  Scienze  «  Lettere, 

Rcndiconto.    Serie  II.    Vol.  XVUI,  XIX,  188&-86.    8°. 
' Jieal  Oaaervalorio  di  Brera. 

Pubblicazloni.    No.  Vn.  3,  XXVII-XXXII,  1885-87.    4o. 
MoDftN A.— -Rj/ia  Accademia  delle  Scieme,  Lettere  cd  Arti. 

Memorie.    Tomo  XX.  3.    Serie  II.    Tomo  IV.   1886.    A9. 
— ^SocieUi  dd  Naturalisti. 

Memorie.    Ser.  III.    Vol.  V.  VI,  1886-87.    8°. 

RendicontL    Ser.  III.    Vol.  Ill  pp.  1-128, 1886.    8o. 
MOMTPBLLIER. — Acod/mie  dee  Sciences  et  Lettres. 

Memoires.    Section  des  lettres.    Tome  VIII.  1,  1886-87.    4«. 

Section  des  sciences.    Tome  XI.  1,  1885-86.    4®. 

Mow  TKRAL.— iVo/ttro/  ffvttory  Society. 

The  Canadian  record  of  science.    Vol.  II.  5, 6, 1887.    8®. 
Moacou. — Socidti  ImpeiHale  den  Naturalistes. 

BuUetin.    Annee  1886,  1887.    8°. 
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Moscoc— Swrfaf^  Imp^riale  des  NaiuralUtes. 

MeteoFoIogiBche  Beobachtunc^eD  am  Observatorium  der  laDdwirtb.  Akad- 

emle  bei  Moakau.    Jabr.  1886  ii,  1887  i.    4°. 
MCHCBEV.—Kon.  bayeritehe  Akademie  der  Wi$9en»chaflm. 

Sitzaogsbeiicbte.    Pbilospb.-pbilolog.  and  biator.  Claase.   1886, 1887  Bd.  I, 

U.1-3.    8o. 

Mathemat.pbyslkal.  Claase.    188ft,  1887  Heft  1-8.    8°. 

Inbaltsyeraeichnlss.    Jabrg.  1876-1885.    S©. 

Oedachtnisrede  auf  Josepb  v.  Fraanbofer.    Von  Carl  Max  ▼.  Baaern- 

feind.  1887.    4o. 
Qedachtnissrede    aaf  Carl  Tbeodor  v.  Siebold.   Von  Richard  Hertwi^. 

1886.  40. 

QedacbtniBsrede  auf  Leopold  v.  Ranke.  Von  W.  v.  Olesebrecbt.  1887.    4°, 
Ueber  bistoriscbe  Dramen  der  Roemer.    Festrede  von  Dr.  Karl  Meiser. 

1887.  40, 

Utn$TKiL—W(St(faliseKer  PirmnckU-  Vereinfur  Wistenacha/t  und  KunsL 

Jahreaberlcbt.    XIV,  1885.    8°. 

Die  Kunst-  and  Getfcbichta-Denkmaler  der  Provinz  Weatfalen.  Stuck  II; 
Krels  Warendorf.    1886.    4°. 
^kSCJ.—Aeaddmitde  SUmidat.  • 

M^moires.    5«  »6r.    Tome  IV,  1887.    8°. 
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XVII. — Influknck  of  Uranium  Salts  on  the  Amylolytic 
AcnoN  OP  Saliva  and  the  Proteolytic  Action  of  Pepsin 
AND  Trypsin.  By  R.  H.  Chittenden  and  M.  T.  Hutch- 
inson, Pu.B. 

Little  is  known  regarding  the  physiological,  or  even  toxical  action 
of  the  oraniam  salts.  In  1825,  Graelin*  reported  upon  the  results  of 
some  experiments  on  the  toxic  action  of  uranic  nitrate,  but  aside 
from  the  work  done  at  that  time,  little  is  known  regarding  the  action 
of  uranium.  It  is  our  purpose,  therefore,  to  carry  out  in  this  Lab- 
oratory, as  opportunity  offers,  a  series  of  experiments  on  the  physio- 
logical and  toxical  action  of  uranium  salts,  and  we  have  commenced 
the  work  by  endeavoring  to  ascertain  the  influence  of  the  above  salts 
on  the  amylolytic  and  proteolytic  action  of  the  ferments  occurring  in 
the  digestive  fluids  of  the  body.  In  this  connection  we  wish  to  ex- 
press our  obligations  to  Professor  H.  Carrington  Bolton,  of  Trinity 
College,  for  his  kindness  in  supplying  us  with  an  abundance  of 
chemically  pure  uranium  compounds. 

1.  Influence  on  the  amylolytic  action  of  saliva. 

The  method  employed  in  determining  the  extent  of  amylolytic 
action  was  much  the  same  as  that  previouslyf  used  by  one  of  us, 
except  that  the  amounts  of  reducing  substances  formed  under  the 
different  conditions  of  the  experiments,  were  determined  volumetri- 
cally  by  Fehling's  solution,  instead  of  by  Allihn's  gravimetric 
method.  The  experiments  were  made  in  series,  in  which  one  diges- 
tion of  each  series  served  as  a  control  for  comparison. 

The  volume  of  each  digestive  mixture  was  100  c.  c.  and  contained 
I  gram  of  perfectly  pure  potato  starch,  previously  boiled  with  a  por- 
tion of  the  water,  10  c.  c.  of  a  diluted  neutral  saliva  and  a  given  per- 
centage of  the  uranium  salt  to  be  experimented  with.  The  mixtures 
were  then  warmed  at  40**  C.  for  30  minutes,  at  the  end  of  which 
time,  further  ferment  action  was  stopped  by  heating  the  solutions  to 
boiling.  The  saliva  employed  in  the  experiments  was  human  mixed 
saliva,  freshly  collected,  filtered  and  made  as  neutral  as  possible  with 
0*2  per  cent,  hydrochloric  acid,  then  diluted  with  water  in  the  pro- 

♦  Kdinb.  Med.  Surg.  Gaz.,  xxvi.,  136. 
f  Studies  from  this  Laboratory,  ?ol.  i,  1884-5,  p.  2  and  53. 
T&AX&  Conn.  Acad.,  Vol.  VII.  33a  Nov.,  •1886. 
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portion  of  1  :  5.     Hence,  each  digestive  mixture  contained  2  c.  c  of 
undiluted  saliva. 

The  amount  of  reducing  substances,  which  for  the  sake  of  conven- 
ience are  calculated  as  dextrose,  were,  as  already  mentioned,  deter- 
mined volumetrically  and  from  the  data  so  obtained,  the  percentage 
of  starch  converted  was  likewise  calculated. 

Uranyl  nitrate. 
With  this  salt  the  following  results  were  obtained  : 


Total  amount 

HelatiTe 

UOa(NO,)a  + 

6HaO. 

reducing  bodies. 

Starch  converted. 

amyloljtic  action 

0 

0-4185  gram. 

87-21  per  cent. 

1000 

0-0001 

per  cent.        0-4083 

36-74 

98-7 

0-0008 

0-3878 

84-85 

93.6 

0-0005 

0-8698 

88-28 

89-4 

0-001 

0-3612 

82-50 

87-8 

0-008 

0-8181 

28-17 

75-5 

The  inhibitory  action  of  the  uranyl  salt  is  plainly  manifest  in 
these  results.  A  second  series  of  experiments,  with  still  larger  per- 
centages of  uranyl  nitrate,  show  the   retarding   action   still  more 

plainly. 

Total  amount  Relative 
U0a(N0«)8  +  6HaO.      reducing  bodies.          Starch  converted.        amylolytic  action. 

0                             0-4066  gram.  86-59  per  cent.  100-0 

0-001  per  cent.          0-4000  8600  98-8 

0-002                          0-8880  84-92  95-4 

0008                          0-8084  27-80  746 

0004                           0-2545  22-90  62-6 

0-005                           01550  18-99  88*2 
0-008                          trace. 

The  largest  percentage  of  the  salt  used  (0-008  per  cent.),  is  seen  to 
almost  entirely  prevent  the  action  of  the  ferment,  thus  showing  how 
extremely  sensitive  the  salivary  ferment  is  to  the  action  of  this  salt 
Comparing  the  two  series  of  experiments,  it  is  seen  further,  that  a 
given  percentage  of  the  salt,  say  0*001  per  cent.,  is  much  more  active 
in  one  case  than  in  the  other,  indicating  that  the  action  of  the  salt  is 
not  constant.  This  is  undoubtedly  true  to  a  limited  extent  The 
action  of  a  given  percentage  of  the  salt  is  constant  only  under  lUte 
conditions.  In  the  above  series  of  experiments,  the  saliva  is  different 
in  the  two  cases,  and  the  real  explanation  of  the  difference  in  action 
is  to  be  sought  for  in  the  amount  of  proteid  matter  contained  in  the 
saliva.  Undoubtedly  the  retarding  action  of  the  uranium  salt  i^ 
checked,  in  part  at  least,  like  that  of  mercuric  chloride,*  by  the 

♦Studies  from  this  Laboratory,  1884-86,  p.  71. 
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proteid  matter  of  the  saliva.     Uranium  is  a  well-known  precipitant  of 

albaminoos  matter  and  hence  the  larger  the  amount  of  albumin  and 

globulin  contained  in  the  saliva,  the  weaker  the  retarding  action  of 

the  aranium  salt.     Previous  experiments  have  shown  that  saliva 

varies  somewhat  from  day  to  day  in  its  content  of  proteid  matter,  as 

well  as  in  the  amount  of  ferment,  and  although  the  former  difSculty 

b  obviated  as  much  as  possible  by  diluting  the  saliva,  still  this  point 

mast  be  borne  in  mind  in  making  comparisons  of  the  different  series 

of  experiments. 

Uranyl  acetate. 

This  salt  appeared  somewhat  more  inhibitory  in  its  action  than  the 

nitrate,  due  possibly  to  its  greater  acidity.     The  two  following  series 

show  the  extent  of  action  : 

Total  amount  Relative 

n0f(CsHsO3)9  +  H3O.    reducing  bodies.  Starch  coDverted.         amjloljtic  action. 


0 

0-4049  gram. 

86*44  per  cent. 

100-0 

0-001  per  cent. 

0-2805 

20-74 

56-9 

0-002 

01698 

15-28 

41-9 

0-008 

trace. 

0 

0-408^ 

86-28 

100-0 

0-0008 

0-4881 

88-97 

107-8 

0-0005 

0-8822 

29-89 

82-4 

0-0008 

0-8192 

28-89 

79-6 

0-0010 

0-2882 

25-98 

71-4 

The  presence  of  0*003  per  cent,  of  the  salt  almost  entirely  stops  the 
action  of  the  ferment,  while  0*0003  per  cent,  decidedly  increases 
amylolytic  action.  This  latter  influence  is  similar  to  that  exerted  by 
many  other  metallic  salts  in  very  small  fractions  of  one  per  cent,  and 
is  doubtless  to  be  attributed,  in  part  at  least,  to  the  stimulating 
action  of  the  acid-proteids  formed,  or  in  part,  as  suggested  by 
^ugg^n,*  to  a  more  complete  neutralization  of  the  digestive  fluid. 


Ammonio  uranoua  sulpJiate, 

With  this  salt  the  following  results  were  obtained : 

11(80,), +  (NH4), 

Total  amount 

Relative 

SO«+H,0. 

reducing  bodies. 

Starch  converted. 

amyloljtic  action. 

0 

0-8384  gram. 

80-45  per  cent 

100-0 

0-0008 

0-3935 

35-41 

116-8 

0-0005 

0-3798 

a4-18 

112-2 

0-0008 

0-8568 

30-40 

99-8 

0-001 

0-8550 

80-28 

99-4 

0-002 

0-2951 

26-55 

87-2 

0-008 

0-0805 

7-24 

23-7 

*See  Amor.  Chem.  Jour.  vol.  viii,  p.  211. 
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Here  there  is  to  be  seen  both  stimulating  and  inhibitory  action, 
both  quite  pronounced;  and  further,  the  salt  is  perfectly  neutral,  so 
that  such  action  as  is  exerted  must  be  due  to  the  salt  itself. 


Sodio  uranic  sulphate. 

This  salt,  which  like  the  preceding  was  exactly  neutral  to  test 
papers,  shows  both  stimulating  and  retarding  action,  but  in  extent 
somewhat  smaller  than  that  of  the  uranous  salt.  Following  are  the 
results  obtained: 


UO,S04  +  NaaS04. 
0 
0-0008  per  cent 
0-0005 

TotHl  amouDt 
reducing  bodies. 

0-4049  gram. 

0-4100 

0-4000 

Starch  converted 
86-44  per  cent. 
86-90 
36-00 

Relati?e 
amylolytic  action. 
100-0 
101-8 
98-8 

0-0008 
0-001 

0-4100 
0-4117 

86-90 
87-05 

101-2 
101-7 

0-002 

0-2580 

22-77 

62-5 

0008 

0-2000 

18-00 

49-4 

0-005 

trace. 

Fotassio  uranic  oxychloride. 


U0,C1,  +  2KC1               Total  amount 

Relative 

+  2H9O.                   reducing  bodies. 

Starch  converted. 

amjlolytac  action. 

0                              0-4082  gram. 

86-26  per  cent. 

100-0 

00005  per  cent.         0*8951 

85-55 

98-0 

0-0008                         0-4016 

86-14 

99-6 

0-001                           0-4088 

86-74 

101-8 

0-002                           0-1881 

16-92 

46-6 

0-008                           0-1078 

9-65 

26-6 

0-005                           trace 

to 


This  salt  had  an  acid  reaction  and  its  retarding  effects  are  seen 
be  somewhat  more  pronounced  than  that  of  the  two  preceding  nen 
tral  salts. 


Ammonio  uranic  citrate. 


(U0a)a(C.H50,),-h 

Total  amount 

Relative 

(NH03C5H5O,. 

redi 

icing  bodies 

Starch  converted. 

amylolytic  actiou. 

0 

0-4135  gram. 

37*21  per  cent. 

100-0 

00008  per  cent 

0-4298 

38*68 

108*9 

00005 

0-4016 

36-14 

97*1 

0-0008 

0-4049 

36-44 

97*9 

0-001 

0-8873 

84-85 

98-6 

0-002 

0-4016 

86-14 

97-1 

0-008 

0-8848 

83-86 

89-6 

t. 
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(U0a),(C«H»OT)a+  Total  amount  Relative 

(NH4)aC«H[ft07.         redacing  bodies.  Starch  converted.        amylolytic  action. 

0  0-4117  gram.  87  05  per  cent.  100-0 

0-004  per  cent.  0-2878  21-40  67-7 

0-005  0-2144  19-29  520 

0-006  0-2816  21-89  57-7 

0-007  0-1845  16-60  44-8 

0-008  0-1765  15-88  42-8 

0-010  trace 

The  action  of  this  salt  is  mainly  a  restraining  one,  but  the  action 
18  pronounced  only  with  the  larger  percentages. 

As  to  the  way  in  which  these  uranium  salts  diminish  the  amylolytic 
action  of  the  ferment,  we  cannot  say  definitely.  What  has  previously* 
been  written  regarding  the  action  of  other  metallic  salts,  under  like 
conditions,  is  doubtless  true  here.  Loss  of  amylolytic  power  is  due 
in  part,  no  doubt,  to  partial  direct  destruction  of  the  ferment,  as 
well  as  to  change  in  the  reaction  of  the  fluid.  Coupled  with  this 
destructive  action,  however,  there  must  be  in  addition  something  in 
the  mere  presence  of  these  salts,  dependent  on  chemical  constitution, 
that  controls  the  action  of  the  ferment. 

The  following  table  shows  the  relative  acceleration  and  retardation 
of  the  various  salts,  compared  with  their  respective  controls  expressed 
as  100. 

2.  If^ence  on  the  proteolytic  action  of  pepsin-hydrochloric  ctcid. 

The  influence  of  uranium  salts  on  the  proteolytic  action  of  pepsin- 
hydrochloric  acid,  was  determined  by  ascertaining  the  amount  of 
fibrin  digested  or  dissolved  in  a  given  time,  by  a  definite  volume  of 
a  standard,  artificial  gastric  juice,  in  the  presence  of  varying  amounts 
of  the  uranium  salts.  The  gastric  juice  was  made  by  dissolving  10 
c.c.  of  a  glycerin  extract  of  pepsin  in  one  litre  of  0*2  per  cent,  hydro- 
chlonc  acid.  The  volume  of  each  digestive  mixture  was  50  c.c. ; 
composed  of  25  c.c.  of  the  above  mentioned  artificial  gastric  juice 
and  25  c.c.  of  0*2  per  cent,  hydrochloric  acid,  containing  the  neces- 
sary amount  of  uranium  salt.  The  proteid  material  consisted  of 
purified  fibrin,  coarsely  powdered  and  dried  at  100°  C.  One  gram  of 
fibrin  was  used  in  each  experiment.  The  digestive  mixtures  were 
warmed  at  40°  C.  for  one  hour  and  then  the  undissolved  residue  was 
collected  on  weighed  filters  and  finally  dried  at  100-110°  C.  until  of 
constant  weight.  The  amount  of  fibrin  dissolved  is  taken  as  a  meas- 
ure of  the  proteolytic  action. 

♦See  Stadieefrom  this  Laboratory,  vol.  i,  1884-5,  pp.  70-76. 
T&AX8.  OoKN.  AoAB.,  Vol,  VII.  34  Nov.,  1886 
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Following  are  the  results  obtained  with  the  various  salts : 
Uranyl  nitrate. 


Relative 

U0^N0,),  +  6H,O. 

Undigested  residve. 

Fibrin  digested. 

proteolytic  action. 

0 

0-1868  gram. 

86-47  per  cent 

100-0 

0*025  per  cent 

0-1865 

86-85 

99-8 

0-050 

0-1878 

86-22 

99-7 

0-100 

0-2397 

76-08 

87-9 

0-500 

0-5008 

49-97 

57-8 

1-000 

0-8688 

88-62 

88-8 

Uranyl 

a,cetate. 

U0,(C,H,O.), 

Relative 

+  H,0. 

Undigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0 

0-1458  gram. 

85-47  per  cent. 

100-0 

0-025  per  cent 

0-1581 

84-19 

98-5 

0-050 

0-1867 

81-88 

95-1 

0-100 

0-2052 

79-48 

92-9 

0-500 

0-7507 

24-98 

29-2 

1-000 

1-0050 

0 

0 

It  is  to  be  noticed  here,  that  the  retarding  action  of  the  acetate,  as 
with  saliva,  is  far  greater  than  the  nitrate,  a  fact  which  is  doubtless 
dependent  in  this  case  on  the  nature  of  the  acid  united  with  the  ura- 
niam.  Farther,  it  is  to  be  noticed,  that  the  action  of  uranyl  sulphate 
falls  about  midway  between  the  action  of  the  nitrate  and  acetate. 
These  facts  accord  with  views  previously*  expressed,  and  show 
plainly  that  the  extent  of  the  retarding  action  of  salts  in  general  is 
dependent  in  part,  on  the  liberation  of  the  acid  of  the  salt  and  the 
digestive  power  of  the  pepsin-aciW  formed.  Experiments  have  shown 
that  nitric  acid  of  appropriate  ^strength,  united  with  pepsin,  is  about 
fonr-fifths  as  active  as  hydrochloric  acid,  while  sulphuric  acid  is  only 
a  little  more  than  one-fourth  as  active  as  hydrochloric  of  the  same 
strength  and  that  acetic  acid  is  practically  inactive.  Hence,  the 
base  being  the  same,  acetates,  citrates,  and  other  salts,  the  acids  of 
which  are  not  capable  of  working  with  pepsin  will  most  readily  retard 
gastric  digestion.  This  view  being  correct,  uranyl  nitrate,  sulphate 
and  acetate  should  retard  gastric  digestion  in  just  such  relative  pro- 
portion as  our  experiments  show  they  actually  do. 


*See  Studies  from  this  Laboratory,  1884-85,  p.  94-95. 
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Uranyl  stdphate. 

Relatiye 
UOBSO^  +  aEIgO.         Undigested  residue.        Fibrin  digested.         proteolytic  actioD. 


0 

0-1882  gram. 

81-68  per  cent. 

100-0 

0"025  per  cent. 

0-2545 

74-55 

91-3 

0-050 

0-2673 

73-27 

89-7 

0-100 

0-3155 

68-45 

83-8 

0^J(^0 

0-e084 

39-16 

47-9 

l-OOO 

0-8225 

17-75 

21-7 

Ammonio  uranous  sulphate. 

Relativ 

Undigested  residue. 

Fibrin  digested. 

proteolytic 

0 

0-1833  gram. 

81-67  per  cent. 

100-0 

0*035  per  cent. 

0-2859 

71-41 

87-4 

0*050 

0-3143 

68-57 

88-9 

0400 

0-3742 

6-268 

76-6 

{Him 

0-9113 

8-87 

10-8 

i'OOO 

1-0070 

0 

0 

A  coniparisoo  of  the  action  of  the  two  last  salts,  shows  plainly 
that  the  ammonio  uranous  compound  has  a  far  greater  inhibitory 
action  than  the  simple  uranyl  sulphate. 

Ammonio  uranic  citrate. 


tUQa)<tCrtlIsO,), 

Relatiye 

H^n,),Ctn,o,. 

Undigested  residue. 

Fibrin  digested. 

proteolytic  actwo. 

0 

01747  gram. 

82-53  per  cent. 

100-0 

0-Oar>  per  cent. 

0-1795 

82-05 

99-4 

oirnj 

0-2102 

78-98 

95-7 

0*10(1 

0-2180 

78-20 

94-7 

iKMi 

0-9055 

9-45 

11-4 

vom 

0 

0 

0 

• 

Sodio  uranic  sulphate. 

uo,ao*+Nu.so4 

Relative 

+aH,o. 

Undigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0 

0-2624  gram. 

73-76  per  cent 

100-0 

n-(J2.1  per  cent. 

0-2666 

73-34 

99-4 

O-OTKI 

0-3688 

6312 

85-5 

O-KMJ 

0-4438 

55-62 

75-6 

0-5(K) 

0-8131 

19-69 

36-7 

100<) 

0-9891 

1-09 

1-5      • 

In  ihv  two  last  series,  the  ammouio  uranic  citrate  is  noticeable  for 
not  causing  a  gradual  diminution  in  the  proteolytic  action  of  the 
fermeTit;  hut  on  the  contrary,  it  gives  nse  to  a  sudden  and  rapid  fall- 
ing off  in  proteolytic  action,  when  a  certain  percentage  of  the  salt  i^ 
ndded.     The  same  thing  is  to  be  noticed  in  the  case  of  the  uranyl 
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acetate  and  the  reason  doubtless  lies  in  the  fact  that  the  acid  in  these 
two  salts  is  wholly  incapable  of  forming  an  active  compound  with 
pepsin,  and  thus  when  a  percentage  of  the  salt  is  added  sufficient  to 
use  up  all  of  the  hydrochloric  acid  of  the  gastric  juice,  digestive 
action  comes  to  a  full  stop. 


Potassio  uranic 

oxychloride. 

>,C1,  +  2K01 

Relative 

+  2  HaO.                Undigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0                               0-3063  gram. 

69-37  .per 

cent.         100-0 

0025  per  cent.           02472 

75-28 

108-0 

0-060                           0-2128 

78-77 

113-5 

0-100                           0-2582 

74-68 

107-6 

0-800                           0-2648 

78-52 

105-9 

0-500                            0-8578 

64-22 

92-5 

With  this  salt,  unlike  any  of  the  preceding,  there  is  to  be  seen  a 
direct  stimalating  action  on  the  ferment.  Only  in  the  presence  of  0*5 
per  cent,  of  the  salt  is  there  any  retarding  effect  produced.  This 
naturally  suggests  that  possibly  uranium  per  scy  at  least  in  small 
fractions  of  a  per  cent.,  has  really  a  stimulating  effect  on  ferment 
action,  but  that  owing  to  its  combination  with  acids,  in  the  forma- 
tion of  salts,  its  apparent  effects  in  the  case  of  pepsin-hydrochloric 
acid  are  those  due  to  combination  of  the  normal  acid  of  the  gas- 
tric juice  and  liberation  of  the  acid  of  the  uranium  salt.  In  this 
way  only,  can  we  explain  the  noticeable  difference  in  action  of 
the  oxychloride  and  the  other  uranium  salts.  Thus  0*5  per  cent,  of 
the  former  causes  but  slight  diminution  in  proteolytic  action,  while 
with  all  the  other  salts,  the  same  percentage  causes  on  an  average,  a 
diminution  in  proteolytic  action  of  at  least  50  per  cent.  This  would 
apply,  of  course,  only  to  small  percentages  of  uranium,  for  larger 
amounts  of  oxychloride  would  cause  the  formation  of  an  indigestible 
oraniom-albumin  compound. 

Here,  however,  as  in  the  case  of  all  the  salts,  the  action  of  any. 
given  percentage  is  constant  only  under  definite  conditions.  Dimin- 
ish the  amount  of  ferment,  for  example,  and  the  amount  of  dissolved 
proteid  matter  consequent  thereto,  and  then  the  retarding  action  of 
the  same  percentage  of  uranium  salt  will  be  correspondingly  in- 
creased. 

This  is  well  illustrated  in  the  following  series  of  experiments  with 
potassio  uranic  oxychloride.  Using  the  same  percentages  of  salt  as 
employed  in  the  preceding  series,  with  the  same  strength  of  acid, 
but  with  onlv  half  the  same  content  of  pepsin  extract,  and  the  fol- 
lowing  results  were  obtained ; 
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Relative 

nraomm  salt.          Undigested  residue. 

Fibrin  digested. 

proteolytic  action. 

0                              0-l«52  gram. 

88-48  per  cent 

100-0 

0  025  per  cent.           01982 

80-18 

96-0 

0050                           0-2192 

78-08 

98-5 

0*100                           0-2569 

74-81 

89-2 

0-300                          0-8486 

65-14 

78-0 

Increasing  the  percentages  of  the  oxychloride  still  further,  either 
with  this  strength  of  pepsin  or  the  preceding,  and  there  is  seen  % 
gradual  diminution  in  the  action  of  the  ferment.  Compared,  how- 
ever, with  the  action  of  the  preceding  salts,  retardation  is  seen  to 
be  qiiite  slow;  thus  even  2-0  per  cent,  causes  a  diminution  of  pro- 
teolyiic  action  amounting  to  only  60  per  cent. 

The  following  table  of  comparisons  shows  the  relative  acceleration 
ami  tetardation  of  the  various  salts  compared  with  their  respective 
controls  expressed  as  100. 


Table  showing  relative  Proteolytic  Action. 


Percentage  of  Salts 

0025 

0-05 

0-1 

0-8 

0-6 

1-0 

-?o 

1 

tlranvl  nitrate  .  - 

99-8 

99-7 

87-9 

57-8 

88-8 

tJranyl  acetate 

98*5 

95-1 

92-9 



29.2 

0 

tlranvl  sulphate 

91-8 
^•4 

89-7 

88-8 

47-9 

2-17 

Amiiiomo  uranous  sulphate. 

88-9 

76-6 

-.  -  - 

10-8 

0 

Sotlio  umnic  sulphate 

99-4 

85-5 

75-6 

— 

26-7 

1-5 

Animonio  uranic  citrate 

99-4 

95-7 

94-7 



11-4 

0 

... 

PotasBio  uranic  oxychlo-  \  1 

108-0 

118-5 

107-6 

106-9 

92-5 

.... 

ride U 

960 

93-5 

89-2 

78-0 

81-0 

66-2 

49-4 

In  retarding  proteolytic  action,  the  uranium  salts  act  in  part  by 
ciinihining  with  the  proteid  matter  to  be  digested,  forming  a  uranium- 
albamin  compound,  which  is  indigestible.  Further,  in  a  solntion  at 
all  concentrated,  the  uranium  salt  is  liable  to  precipitate  mechanic- 
ally :i  portion  or  all  of  the  pepsin  along  with  the  albuminous  matter. 
In  addition  to  this,  however,  retardation  is  also  due,  as  already  ex- 
|jrE!B^ed,  to  liberation  of  the  acid  of  the  salt  by  the  hydrochloric  acid 
of  the  gastric  juice  and  to  the  subsequent  formation  of  a  pepsin-acid 
only  [martially,  or  not  at  all,  capable  of  digestive  action. 
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3.  If^fluence  on  the  proteolytic  action  of  trypsin, 

« 

The  roetbod  employed  Id  determining  the  extent  of  proteolytic  ac- 
tion in  this  case  was  mncb  (he  same  as  in  the  preceding.  The  trypsin 
solution  was  made  as  neutral  as  possible  and  was  prepared  from  dried 
ox  pancreas,  previously  extracted  with  alcohol  and  ether;  20  grams 
dry  pancreas,  extracted  with  200  cc,  0*1  per  cent,  salicylic  acid  and 
altimately  diluted  to  1  litre.  A  little  thymol  was  added  to  prevent 
decomposition.  50  c.c.  of  the  trypsin  solution  were  used  in  each  ex- 
periment, together  with  1  gram  of  prepared  fibrin  and  the  necessary 
amoant  of  uranium  salt. 

The  first  experiment  was  tried  with  uranyl  nitrate,  the  mixtures 
being  warmed  at  40^  C.  for  six  hours.     Following  are  the  results : 


RelaUve 

U0^0,),  +  6H,O. 

Undigested  residue. 

Fibrin  digested. 

proteolytic  action 

0 

0-2927  gram. 

70-78  per  cent 

1000 

0010  per  cent. 

0-8328 

66-72 

94-8 

0-025 

0-84«0 

65-40 

92-4 

0050 

0-4198 

58-02 

820 

0100 

0-5004 

49-96 

70-6 

0-500 

0 

0 

With  this  salt  retarding  action  is  seen  to  be  gradual  up  to  a  certain 
point,  and  then  suddenly  all  ferment  action  ceases. 


Uranyl  acetate. 

^C,H,0,), 

Relative 

+  H,0.                 Undigested  residue. 

Fibrin  digested. 

proteolytic  action 

0                              0-4284  gram. 

57-66  per  cent 

100-0 

0-010  per  cent.          0-4591 

54-09 

98-8 

0-025                            0-5460 

45-40 

78-7 

0-050                           0-6094 

89-06 

67-7 

0-100                           0-8178 

18.27 

81-6 

0-500 

0 

0 

This  series  of  experiments  was  warmed  at  40°  C.  for  about  five 

hours.  The  inhibitory  action  of  the  salt  is  seen  to  be  more  pro- 
nounced than  that  of  the  nitrate ;  indeed,  there  is  to  be  seen  here, 
the  same  difference  in  action  noticed  in  the  case  of  the  amylolytic 
ferment. 

Uranyl  sulphate. 

With  this  salt,  under  exactly  the  same  conditions  of  time  and  . 
temperature  as  the  preceding,  the  following  results  were  obtained : 
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Relative 

UO,S04  +  3H,O. 

n 

Ddigested  residue. 

Fibrin  digested. 

proteoljtic  actioo. 

0 

0-8790  gram. 

62-10  per  cent 

100-0 

0-010  per 

cent 

0-8868 

61-87 

98-8 

l)-025 

0-5028 

49-77 

80-1 

0-050 

0-6066 

89-84 

68-8 

0-100 

0-8088 

19-17 

800 

0-500 

- 

0 

0 

These  results  are  seen  to  accord  almost  exactly  with  the  preceding 
and  nhow  that  both  salts  have  an  action  on  this  ferment  mach  more 
pronounced  than  on  pepsin-hydrochloric  acid. 

Ammonio  uranous  sulphate, 

TJ(SO0  +  (NH4)a  Relative 

SO*  +  HaO              Undigested  residue.        Fibrin  digested.  proteoljtic  acdon 

0                              0-4025  gram.              59-75  per  cent.  100-0 

0-010  per  cent.           0-4081                          59-69  99*7 

0-025                            0-4229                          57*71  96-4 

0-050                            0-4824                          51-76  86-6 

0-100                            0-5748                          42-57  72-9 

0-500                             0  0 

Sodio  uranic  sulphate, 

00,90^  +  Na,S04  Relative 

+  '2  HaO.                Undigested  residue.        Fibrin  digested.  proteolytic  actioiL 

0                              0-8261  gram.              67-89  per  cent.  100-0 

0010  per  cent.           0-8414                         65-86  97*4 

0-025                            0-8588                          64-12  948 

0-050                            0-8961                          60-89  89*5 

0-100                            0-4462                          55-88  821 

0-500                            0  0 

Ammonio  uranic  citrate, 

(UO,M0,H»O7)a  RelaUve 

+(NH|)»C«H507.          Undigested  residue.        Fibrin  digested.  proteolytic  action. 

0                               0-8955  gram.             60-45  per  cent.  1000 

0010  per  cent.          0-4934                         50-66  83-8 

0-025                            0-5282                          47-18  78-0 

0-050                            0-6618                          88-82  55-9 

0100                            0-7705                          22-95  878 

0-500                            0-7168                          28-82  468 

Potassio  uranic  oxychioride, 

00^01,+ 2KC1  RelatiT© 

+  SHjO.              Undigested  residue.         Fibrin  digested.  proteolytic  action. 

0                               0-4234  gram.              56  76  per  cent.  lOO-O 

0-010  per  cent.          0-4498                         55-02  95-4 

0-025                            0-6224                          47*76  83-8 

0-050                            9-5629                          4871  75-9 

0-100                           0-7087                         29-18  '               50-8 

0-600                           0  0 
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With  the  exception  of  ammonio  nranic  citrate,  the  fonr  last  salts 
experimented  with,  show  abftut  the  same  degree  of  inhibitory  action; 
the  citrate,  however,  appears  less  pronounced  in  its  action  than  the 
others.  As  to  the  manner  in  which  the  uranium  salts  retard  the 
proteolytic  action  of  the  pancreatic  ferment,  it  is  probable  that  the 
main  explanation  is  to  be  found  in  the  power  possessed  by  the  former 
of  combining  with  proteid  matter  in  general;  combining  with 
and  rendering  indigestible  the  albuminous  material  added  to  the 
digestive  mixture  and  perhaps  pi*ecipitating^  or  even  destroying,  the 
ferment  itself.  Further,  the  reason  why  certain  salts  appear  less 
active  than  others  is  perhaps  to  be  found  in  the  fact  that  in  the  pre- 
cipitation of  albuminous  matter  by  ui'anium  salts,  the  uranium  com- 
bines directly  with  the  proteid  matter,  thus  liberating  the  acid  of 
the  salt ;  and  as  trypsin  is  inactive  in  the  presence  of  free  mineral 
acidn,  and  only  partially  active  in  the  presence  of  combined  acids 
(combined  with  proteids),  it  follows  that  an  organic  salt,  such  as 
a  citrate,  would  naturally  be  less  active  as  a  retarding  agent,  than 
the  nitrate   or  sulphate. 

The  following  table  shows  the  relative  retardation  of  the  various 
salts  expressed  in  terms  of  relative  proteolytic  action : 

Table  showing  relative  Proteolytic  Action. 


Percentage  of  Salts 

Uranyl  nitrate 

Uranyl  acetate 

Uranyl  sulphate 

Ammonio  uranous  sulphate 

Sodio  nranic  sulphate 

Ammonio  uranic  citrate 

Potato  nranic  oxychloride. 


0-01 


94-8 
98-8 
98-8 
99-7 
97-4 
88-8 
95-4 


0025 


92-4 

78-7 
80-1 
96-4 
94-8 
780 
82-8 


0-05 


82-0 
67.7 
63-3 
86-6 
89-5 
55-9 
75-9 


0-1 

70-6 
31-6 
30-8 
72-9 
82-1 
87-8 
50-8 


0-5 

0 
0 
0 
0 
0 
46-8 
0 


It  is  thus  seen  that  uranium  salts,  in  the  main,  like  most  other 
metallic  salts,  exert  a  decided  retarding  influence  on  the  action  of  the 
digeRtive  ferments. 
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XVIII. — The    Relative    Distbibution    of    Antimony    in  the 

ORGANS    AND  TISSUES  OF  THE   BODY,  UNDER  VARYING  CONDITIONS. 

By  R.  H.  Chittenden  and  Joseph  A.  Blake,  B.A.,  Ph.B. 

Obfila,  many  years  ago,  proved  that  salts  of  antimony,  like  the 
salts  of  other  metallic  poisons,  are  absorbed  and  can  be  detected  in 
the  animal  tissues  and  secretions,  especially  in  the  liver  and  kidneys; 
and  farther  that  the  absorbed  antimony  is  slowly  discharged  from 
these  quarters  through  the  medium  of  the  urine.  These  early  resolw 
were  confirmed  by  other  investigators,  notably  Danger  and  Flandio 
and  by  Panizza  and  Kramer,  the  latter  of  whom  detected  antimony, 
not  only  in  the  urine,  but  also  in  the  blood  of  a  man  during  a  coarse 
of  tartar  emetic*  Orfila's  work  also  indicated  that  while  the  elimini* 
tion  of  absorbed  antimony  commences  very  quickly,  it  is  a  compara- 
tively slow  process ;  thus  in  one  instance  he  stated  f  that  he  found 
antimony  in  the  fat,  liver  and  bones  of  a  dog  that  had  taken,  three 
months  and  a  half  before  its  death,  46*6  grains  of  tartar  emetic  dar- 
ing a  period  often  days,  and  that  similar  results  were  obtained  in  a 
second  case  in  which  the  interval  was  four  months.  Presumably, 
however,  elimination  is  much  more  rapid  than  these  figures  would 
seem  to  indicate. 

Dr.  Richardson,  however,  found  antimony  in  abundant  proportions 
in  the  liver,  and  in  smaller  proportions  in  the  kidney  and  heart, 
twenty-one  days  after  the  last  dose  of  antimony  had  been  taken.  As 
to  the  relative  distribution  of  absorbed  antimony,  the  experiments  of 
Drs.  Nevins  and  Richardson  are  the  only  important  ones  i-ecorded. 
Dr.  Nevins,J  experimenting  on  rabbits,  with  tartar  emetic  in  doses  of 
0*5, 1  and  2  grains  four  times  daily,  found  that  the  weakest  rabbit 
died  after  taking  12  grains,  the  strongest  after  taking  72  grains  of 
the  poison.  Other  rabbits  were  killed,  at  varying  lengths  of  time 
after  taking  the  last  dose  of  poison  (31,  14,  4,  and  3  days),  and  in 
every  case  antimony  was  found  in  large  quantity  in  the  liver,  in 
smaller  quantities  in  the  spleen  and  stomach.  Antimony  was 
likewise  found  in  the  kidneys  and  urine  of  those  animals  that  survived 
for  some  time,  also  in  the  lungs  and  in  those  that  lived  15  days,  in 


♦  See  Christison  on  Poisons,  p.  372.  f  Traits  de  Toxicologie. 

J  See  Reese,  Manual  of  Toxicology,  p.  259-260  and   Woodman  &  Tidy,  Foreosac 
Medicine  and  Toxicology,  p.  128-129. 
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the  bones  likewise.  Dr.  Nevins  further  states,  that  it  was  difficult 
to  detect  the  poison  in  the  muscles  and  in  the  blood,  but  it  was 
found  in  the  bones  as  late  as  the  thirty-first  day  after  discontinuing 
the  poison. 

Dr.  Richardson*  in  1856,  examined  the  tissues  of  a  dog  that  died  1 
hoar  and  40  minutes  after  a  solution  containing  a  drachm  of  tartar 
emetic  had  been  injected  into  the  cellular  tissue.  The  antimony  was 
foand  in  the  following  parts,  in  the  order  given  as  to  quantity ;  blood, 
vomity  rectum,  lungs,  liver,  stomach,  bladder,  kidneys  and  small  in- 
testines. In  a  second  experiment,  a  wound  in  a  dog's  neck  was 
dressed  every  morning  with  tartar  emetic  ointment,  the  dog  dying 
at  the  end  of  the  seventh  day.  In  this  case  no  antimony  was  found 
in  the  brain,  but  it  was  found  in  larger  quantities  in  the  liver  and 
spleen  than  in  the  other  organs.  It  is  very  evident,  therefore,  that 
tartar  emetic,  and  presumably  other  salts  of  antimony  likewise,  will 
penetrate  all  the  tissues  of  the  body  and  that  at  the  same  time  the 
antimony  is  constantly  being  eliminated  by  the  kidneys.  Further 
than  this,  the  few  results  recorded  indicate  nothing  definite.  As  Dr. 
Richardson  well  says,  "  the  election  of  antimony  by  different  parts  of 
the  body  is  as  yet  an  open  question ;  that  the  liver,  however,  would 
appear  to  be  the  structure  in  which  it  is  most  collected  when  the  ad- 
ministration is  slow  and  in  small  doses;  and  that  the  elimination  of 
the  poison  is  attempted  by  all  the  secreting  surfaces."  No  positive 
statements  can  therefore  be  made  regarding  the  relative  distribution 
of  antimony,  other  than  in  a  general  way. 

Hence,  it  has  been  our  object  in  the  present  investigation  to  study 
somewhat  in  detail,  the  relative  distribution  of  antinsony  in  the  dif- 
ferent tissues  of  the  body  under  varying  conditions ;  both  as  to  the  form 
of  the  poison  and  the  manner  of  its  introduction.  As  with  arsenic,  so 
with  antimony,  the  relative  proportion  of  poison  found  in  the  different 
tissues  after  death  may  become  of  considerable  medicolegal  importance, 
provided  we  have  sufficient  confirmatory  data  from  which  to  draw 
conclusions.  Particularly  is  it  of  importance  to  know  the  way  in 
which  the  form  of  the  poison  will  influence  its  distribution.  Whether 
as  with  arsenic,f  the  administration  of  a  soluble  and  difiusible  form  of 
the  poison  will  lead  to  a  noticeable  accumulation  in  the  brain  or  nerve 
tissue  in  general. 


*See  Woodman  k  Tidy,  p  129.  Also  Dr.  W.  B.  Richardson,  Abstract  in  Amer. 
Jour.  Med  Sciences,  1867,  vol.  33,  p.  266.  andB.  and  F.  Med.Chirurg.  Kev.  Oct  185G. 

f  See  Amer.  Chem.  Jour.,  voL  v,  p.  8,  also  Studies  from  the  Laboratory  of  Phys- 
iological Chemistry,  S.S.S.  of  Yale  College,  1884-86,  p.  141. 
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I.   T%e  quantitative  estimation  of  antimony. 

There  are  many  methods  by  which  autimony  may  be  detected,  even 
when  present  in  quite  small  quantities ;  but  there  are  only  a  few  which 
yield  accurate  quantitative  results,  particularly  in  the  presence  of  or- 
ganic matter.  In  attempting  to  find  a  method  sufficiently  accurate 
for  our  purpose,  we  first  tried  the  method  recommended  by  Orfila,  of 
introducing  the  final  antimony  solution  into  the  Marsh  apparatus; 
using  for  this  purpose  the  form  of  apparatus  and  mode  of  procedure, 
fourjd  so  efficacious  in  the  case  of  arsenic.* .  In  every  trial,  however, 
there  was  a  loss  of  at  least  40  per  cent,  of  the  antimony ;  thus  in  the 
first  case,  with  an  amount  of  tartar  emetic  equivalent  to  6  milligrams 
of  metallic  antimony,  only  3*4  milligrams  of  the  metal  were  recovered, 
and  under  exactly  such  conditions  as  with  arsenic  would  lead  lo  the 
recovery  of  the  entire  amount.  And  since  in  this  trial  experiment, 
the  antimony  was  introduced  directly  into  the  Marsh  apparatus,  as 
tartar  emetic  dissolved  simply  in  dilute  sulphuric  acid  and  without 
the  presence  of  any  organic  matter  to  act  as  a  hindrance,  it  follows 
that  the  loss  must  be  due  to  retention  of  a  portion  of  the  antimony 
by  the  zinc  and  platinum.  A  second  trial,  with  the  same  amount  of 
antimony  salt,  gave  a  decided  deposit  of  metallic  antimony  in  the 
heated  tube,  but  weighing  only  3*5  milligrams.  In  this  case  the  ap- 
paratus ran  for  three  hours,  but  as  before,  it  is  evident  that  only  a 
portion  of  the  antimony  was  converted  into  antimoniuretted  hydro- 
gen, the  remainder  undoubtedly  being  retained  either  by  the  plati- 
num used  lo  alloy  the  zinc,  or  by  the  zinc  itself.  The  presence  of  a 
small  amount  of  platinum  fused  in  with  the  zinc,  previous  to  its  granu- 
lation, does  not  appear  to  offer  any  obstacles  to  the  complete  evolu- 
tion of  arsenic  as  arseniuretted  hydrogen.  Numerous  results  obtained 
by  one  of  usf  testify  to  the  accuracy  of  this  statement.  Bernstein  had 
also  noticed  that  alloying  zinc  with  platinum  or  silver,  did  not  hinder 
the  complete  evolution  of  the  arsenic,  while  the  addition  of  a  little 
platinic  cblonde  solution  to  the  acid  fluid  from  which  arsenic  was  be- 
ing evolved,  led  to  the  precipitation  of  even  60  per  cent,  of  the 
arsenic  present. J  This  probably  is  the  explanation  of  the  low  results 
obtained  by  Hedden  and  Sadler  in  the  estimation  of  arsenic  by  the 
Marsh  apparatus,  in  the  presence  of  platinum. §     But  with  antimony, 

♦  See  Amor.  Chem.  Jour.,  vol.  ii.,  p.  235.  f  See  Amer.  Ohem.  Jour.,  vol.  ii,  p.  23i 
X  See  Dragendorff,  Gerichtlich  chemische  Mittheilung  von  Giften,  p.  334,  foot  note. 
§  See  Amer.  Chem.  Jour.,  vol.  vii,  p.  342. 
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either  the  platinum  alloyed  with  the  zinc  is  saffioient  to  retain  fully 
50  per  cent,  of  the  metal,  or  as  is  very  probable,  the  zinc  itself  causes 
a  precipitation  of  a  portion  of  the  antimony.  That  this  is  a  point 
overlooked  by  most  writers  on  chemical  toxicology,  is  evident  from 
a  perusal  of  the  literature  on  the  subject. 

Whether  it  would  be  possible  to  obtain  all  of  the  antimony  as  anti- 
moniuretted  hydrogen,-  in  the  absence  of  any  metal  other  than  per- 
fectly pure  zinc,  we  cannot  say.  Certainly  as  a  method  for  quantita- 
tive purposes,  it  would  be  too  tedious  a  process  to  admit  of  general 
QRe,  especially  where  such  small  amounts  of  antimony,  as  in  our  own 
experiments,  would  limit  galvanic  action  to  a  minimum.  That  the 
method  is  capable  of  showing  the  presence  of  very  small  amounts  of 
antiraony,  is  unquestionable.  Wormley's  experiments*  are  very  de- 
cided on  this  point,  but  evidently  only  a  portion  of  the  antimony  will 
be  recovered. 

Precipitation  of  the  antimony  by  hydrogen  sulphide  and  final  oxi- 
dation by  fuming  nitric  acid  and  weighing  as  Sb,0^,  gave  fairly  satis- 
factory results,  when  the  weight  of  antimony  was  not  less  than  10 
milligrams  of  Sb,0^.  With  smaller  amounts,  the  results  were  far  too 
high,  owing  probably  to  the  far  greater  proportional  increase  of  sul- 
phur. Attempts  to  weigh  as  sulphide,  after  fusion  of  the  first  hydro- 
gen sulphide  precipitate  with  potassium  nitrate  and  carbonate,  like- 
wise gave  too  high  results  when  the  amount  of  antimony  was  small. 
Farther,  the  two  latter  methods  are  somewhat  unsatisfactory,  in  that 
when  the  amount  of  antimony  is  very  small,  the  nature  of  the  final 
products  is  such,  it  is  difficult  to  be  certain  of  the  purity  of  the  mat- 
ter weighed. 

Owing  to  this  reason  partly,  we  next  tunied  our  attention  to  the 
electrolytic  method  for  the  separation  and  determination  of  antimony, 
as  in  this  case  the  appearance  of  the  metallic  mirror  is  in  itself  a  fair 
guarantee  of  the  nature  of  the  deposit,  and  its  purity  is  easily  proved* 

Alex.  Classenf  has  shown  the  accuracy  of  the  method  in  general 
quantitative  work,  where  moderate  amounts  of  antimony  are  present 
(0-15--0-2  grams  Sb).  In  his  experiments,  the  antimony,  in  the  lorm 
of  sulphide,  was  dissolved  in  ammonium  sulphide  and  the  solution 
then  exposed  to  electrolytic  action.  The  ammonium  sulphide  solu- 
tion must  be  free  both  from  poly  sulphides  and  from  free  ammonia. 


*  Micro-ChemiBtry  of  Poisons,  p.  229. 

t  Quantitative  Analyse  durch  Elektroljse.    Berichte  d.  deutsch.  chem.  Gesell.,  xvii, 
p.  2474.    See  also  Alex.  Classen  and  Rob.  Ludwig,  ibid.,  xviii,  p.  1104. 
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Classen  also  found  that  antimony  was  deposited  quantitatively, 
when  the  sulphide  was  dissolved  either  in  potassium  or  sodium  mono- 
sulphide,  or  in  potassium  or  sodium  hydrosulphide.  Polysulphides 
must  also  be  absent  in  this  case,  and  the  potassium  and  sodium  mast 
be  quite  free  from  both  iron  and  aluminum,  as  by  long  continued 
electrolytic  action,  sulphide  of  iron  and  aluminum  hydroxide  maybe 
deposited  upon  the  antimony.  Classen  also  recommends  the  ase  of 
ammonium  sulphydrate  and  a  weak  current ;  a  strong  current  tending 
to  cause  the  separation  of  the  antimony  in  a  pulverulent  form,  not 
closely  adherent  to  the  platinum. 

As  it  would  be  necessary  in  our  work,  after  oxidation  of  the  or- 
ganic matter,  to  separate  the  antimony  as  sulphide,  the  above  method 
seemed  particularly  advantageous,  and  experiments  were  therefore 
tried  to  ascertain  its  value  when  applied  to  very  small  quantities. 
We  employed  a  battery  of  four  moderate  sized  gravity  cells,  giving* 
weak  current,  and  as  a  rule,  exposed  the  solution  to  the  action  of  the 
current  for  at  least  16  hours,  as  we  found  better  results  were  ob- 
tained by  the  long  continued  action  of  a  weak  current,  than  by  the 
quicker  action  of  a  more  rapid  one;  particularly  in  such  solutions  as 
Me  usually  had  to  work  with,  containing  considerable  excess  of  sul- 
phur and  some  organic  matter.  The  negative  pole  of  the  battery  was 
thither  a  small  platinum  crucible  or  a  platinum  dish,  while  the  posi- 
tive pole  was  a  large  piece  of  platinum  foil  welded  onto  a  good  sized 
platinum  wire.  The  deposition  of  the  antimony  was  much  more 
complete,  more  tightly  adherent  to  the  platinum,  and  as  a  rule  leas 
mixed  with  sulphur  under  this  arrangement,  than  when  the  dish  was 
made  to  serve  as  the  positive  pole ;  due,  doubtless,  simply  to  the 
broader  surface  for  the  deposition  of  the  metal. 

Using  ammonium  sulphide  as  a  solvent  for  the  antimony  sulphide, 
i\\t\  not  give  us  very  good  results  by  electrolysis,  the  loss  being  coo- 
Biderable.  Much  better  results  were  obtained  by  using  a  solution  of 
sodium  monosulphide,  made  by  saturating  one-half  of  a  15  per  cent, 
solution  of  sodium  hydroxide  with  hydrogen  sulphide,  and  then  add- 
ing the  remaining  half  of  the  sodium  hydroxide  solution. 

The  method  was  tested  by  precipitating  definite  volumes  of  a 
stj*ndard  antimony  (tartar  emetic)  solution  with  hydrogen  sulphide, 
dissolving  the  metallic  sulphide  in  the  sodium  monosulphide  and  then 
exposing  the  solutions  to  electrolytic  action.  When  the  separation  of 
tlie  metal  was  complete,  it  was  found  best  to  wash  the  deposit  with 
considerable  water,  without  breaking  the  current ;  as  sometimes,  as  in 
the  presence  of  tartaric  acid,  the  separated  metal  rapidly  dissolved 
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on  disoontiDuing  the  current.   The  antimony  was  then  finally  washed 
with  alcohol,  any  adherent  sulphur  lightly  brushed  off  and  the  dish 
dried  and  weighed. 
Following  are  some  of  the  preliminary  results  obtained : 


Standard  Sb 

Theoretical 

.      Am't  Sb 

Duration 

Solution. 

Am't  8b. 

found. 

of  Electrolysis. 

50  cc. 

0-0875  gram. 

0-0375  gram. 

16  hours. 

10 

00075 

0-0077 

18 

10 

0-0075 

0-0075 

24 

10 

0-0075 

0-0078 

18 

10 

0-0075 

0-0074 

8 

2 

0-0015 

0-0012 

10 

1 

0-00075 

0-0008 

3 

These  results  showed  the  method  to  be  perfectly  satisfactory  for 
our  purposes,  and  we,  therefore,  next  tried  the  separation  of  small 
amounts  of  antimony  from  organic  matter,  and  its  final  recovery  by 
the  above  method. 

As  there  was  no  doubt  that  large  amounts  of  antimony  could  be 
satisfactorily  recovered  from  organic  matter,  our  experiments  were 
confined  mainly  to  very  small  quantities.  In  each  experiment,  100 
grams  of  either  liver  or  beef  were  finely  divided  and  to  the  so-pre- 
pared tissue,  a  few  cubic  centimetres  of  the  standard  antimony  solu- 
tion were  added  and  the  mixture  thoroughly  oxidized  with  hydrochlo- 
ric acid  and  potassium  chlorate.  After  removal  of  all  free  chlorine 
from  the  filtered  fluid,  by  careful  heating,  the  antimony  was  precipi- 
tated by  hydrogen  sulphide.  This  precipitate,  which  naturally  con- 
tained, in  addition  to  the  sulphide  of  antimony,  considerable  sulphur 
and  some  organic  matter,  was  then  treated  as  follows :  While  still 
moist,  after  being  freed  from  all  hydrochloric  acid  by  thorough  wash- 
ing, it  was  dissolved  in  the  cold  sodium  monosulphide  solution  and 
then  directly  subjected  to  electrolysis.  At  first,  we  thought  it  nec- 
essary to  free  the  precipitate  from  its  excess  of  sulphur  and  organic 
matter  by  solution  in  ammonium  sulphide,  evaporation,  fusion  with 
potassium  carbonate  and  nitrate,  etc.,  obtaining  it  finally  in  the  form 
of  sulphide  again,  free  from  its  former  impurities.  This,  however, 
we  found  to  be  unnecessary ;  in  fact  the  loss  was  far  greater  than  the 
gain.  Provided  the  oxidation  with  potassium  chlorate  be  a  thorough 
one  and  the  free  chlorine  entirely  removed  from  the  solution,  the 
first  hydrogen  sulphide  precipitate  is  well  adapted  for  electrolysis 
directly.  It  was  found  best,  however,  to  keep  the  solution  on  the 
battery  until  all  of  the  sulphur  and  organic  matter  was  oxidized ; 
that  is  until  the  reaction  of  the  fluid  had  become  acid.     This  took, 
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many  times,  30  to  40  hoars  with  our  slow  current.  A  more  rapid 
current,  would,  to  be  sure,  bring  about  a  change  in  reaction  much 
more  quickly,  but  occasionally  under  such  conditions  the  antimony 
would  be  less  closely  adherent  and  loss  occur.  Then  again  as  the 
sulphur  present  was  gradually  changed  into  sulphuric  acid,  the  fiual, 
strongly  acid-reacting  fluid,  became  a  good  conductor  and  so  at  the 
last,  even  with  our  four  cells,  electrolytic  action  was  quite  strong. 
In  washing  the  deposited  antimony,  the  acid  fluid  was  syphoned  out 
and  water  continuously  added,  without  breaking  the  current,  until 
the  original  fluid  was  entirely  removed. 

Following  are  a  few  of  the  results  obtained,  the  antimony  being 
added  to  100  grams  of  tissue  in  each  case. 


Standard  Sb 

Theoretical 

Am't  Sb 

Duration 

Solution. 

Ani't  Sb. 

found. 

of  electrolysis. 

10  c.  c. 

0-0075  gram. 

00075  gram. 

U  hours. 

10 

00075 

0-0072 

48 

10 

0-0075 

0-0069 

86 

10 

0-0075 

0-0074 

24 

10 

0-0075 

0-0064 

20 

5 

0-0087 

0-0028 

18 

The  results  are  certainly  not  all  as  close  as  those  obtained  ia  the 
absence  of  organic  matter,  but  are  perhaps  as  satisfactory  as  could  be 
expected  under  the  conditions  of  the  experiment,  viz :  a  large  pro- 
portional amount  of  tissue  (100  grams),  a  very  small  amount  of 
metal  and  a  large  volume  (say  500  c.c.)  of  fluid  to  precipitate  from, 
with  hydrogen  sulphide.  Even  under  the  most  unfavorable  condi- 
tions, at  least  75-80  per  cent,  of  the  antimony  introduced  into  the  or- 
ganic matter  was  recovered.  * 

We  next  turned  our  attention  to  the  obtaining  of  some  convenient 
and  quick  method  for  the  direct  determination  of  antimony  in  orine, 
or  other  like  organic  fluid.  Preliminary  experiments  showed  us  that 
antimony,  in  the  form  of  tartar  emetic,  could  be  separated  completely 
from  a  tartaric  acid  solution  by  electrolysis.  The  separation  takes 
place  rapidly,  but  care  must  be  taken  to  remove  all  of  the  tartaric 
acid  solution  by  displacement  with'  water^  before  breaking  the  car- 
rent,  otherwise  the  deposited  antimony  will  instantly  dissolve.  Trial 
tests  repeatedly  gave  results  in  close  accord  with  theory.  Exce&s  of 
sodium  tartrate,  however,  appeared  to  interfere  somewhat  with  sep- 
aration of  the  antimony ;  while  the  presence  of  sodium  chloride  in 
the  presence  of  an  excess  of  tartaric  acid,  prevented  entirely  the 
separation  of  the  antimony.  From  a  sulphuric  acid  solution,  how- 
ever, antimony  was  also  deposited  quantitatively,  and  on  applying 
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this  method  to  antimoniacal  urine,  we  found  it  possible  to  recover  the 
antimony  without  loss.  The  following  results  testify  to  the  accuracy 
of  the  method : 

In  each  experiment  26  c.c.  of  normal  urine  were  employed,  to  which 
was  added  a  number  of  cubic  centimetres  of  the  standard  antimony 
solution  and  then  1  c.c.  of  pure  dilute  sulphuric  acid,  after  which  the 
solution  was  connected  with  the  battery. 


Standard  Sb 

Solation  in 

Theoretical 

Amount  Sb 

Duration  of 

25  a  c  urine. 

amount  Sb. 

found. 

electrolysis. 

10  c.  c. 

0-0075  gram. 

0-0075  gram. 

48  hours. 

10   •• 

0-0075     ** 

0-0074 

24 

10    ** 

0-0076     ** 

0-0074 

20 

5    '* 

0-00876   " 

0-0088 

18 

5    ** 

0-00876   " 

00087 

18 

5    *• 

0-00875   " 

0-0086 

15 

8    *• 

0-00225   " 

0-0024 

10 

8    *• 

0-0015     " 

0-0018 

20 

2    ** 

0-0015     •* 

0-0016 

18 

1    ** 

0-00075    " 

0-0008 

16 

Doubtless  all  of  these  results  could  have  been  obtained  equally  as 
well  in  a  very  much  shorter  time,  but  most  of  the  solutions  were  con- 
nected with  the  battery  at  night  and  allowed  to  run  until  morning, 
or  wheneyer  convenient.  The  method  is  evidently  very  accurate 
when  applied  in  this  manner,  and  we  have  made  use  of  it  very  satis- 
&ctorily,  even  with  150  c.  c.  of  urine,  using  in  this  case  a  platinum 
dish  of  200  c.  c.  capacity  as  the  negative  electrode. 

2.   Relative  distribution  of  absorbed  antimony. 

As  already  stated,  the  object  sought  in  the  following  experiments 
was  to  ascertain  the  relative  distribution  of  antimony  under  varying 
conditions;  particularly,  variations  in  the  form  of  the  poison,  as  its 
solability  or  insolubility ;  in  the  method  of  introduction,  as  per 
month,  rectum  or  sub-cutaneously ;  and  lastly  in  the  length  of  time 
daring  which  the  poison  is  being  taken,  whether  in  one  large  dose  or 
in  many  small  ones  frequently  repeated.  All  of  these  points  we  have 
endeavored  to  cover  in  the  experiments  about  to  be  described. 

EXPBBIMBNT  L 

Hypodermic  infection  of  a  solution  of  tartar  emetic. 

0*120  gram  of  tartar  emetic^  dissolved  in  a  little  water,  was  intro- 
duced under  the  skin  (right  thigh)  of  a  cat  weighing  1262  grams. 
Teaot.  Comi.  AOAD.,  Vol.  VII.  36  Nov.,  1886. 
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8:10  p.  m.,  solution  injected. 

8:16  '*  vomited  copiously. 

8:30  *'  '*        again,  simply  mucus. 

3:28  **  "        mucus  and  bile. 

8:38  "  "        and  purged. 

3:45  **  partially  paralyzed. 

8:54  '*  vomited  again. 

4:80  *'  much  prostrated. 

5:10  **  dead. 

The  various  organs  were  then  separated  and  the  absorbed  antimony 
determined,  according  to  the  method  already  indicated.    Following 

are  the  results : 

Sb  per  100 

Total  weight,  Weight  of  Sb,  grams  of  tissue. 

grams.  milligrams.  milligrams. 

Liver 52-0  6-86  12-21 

Brain 27-5  0-60  218 

Heart  and  lungs 82-0  0-70  218 

Kidneys 120  0-15  1-25 

Stomach  and  intestines 74*0  0*80  1  08 

Muscle  from  back 188-0  1-25  0-90 

885-5  0-85 

These  figures  show  the  greatest  absorption  by  the  liver;  the  brain 
stands  next,  while  the  muscle  tissue  appears  to  have  absorbed  bat  a 
relatively  small  amount  of  the  antimony.  In  this  connection  it  mart 
be  remembered  that  two  hours  only,  intervened  between  the  intro- 
duction of  the  poison  and  the  death  of  the  animal,  hence  it  is  evident 
that  the  brain  tissue  must  have  a.  decided  tendency  to  hold  absorbed 
antimony.  The  antimony,  however,  was  introduced  in  the  form  of  i 
readily  soluble  salt  and  under  conditions  directly  favoring  rapid  and 
wide-spread  distribution.  That  there  is  certainly  some  decided  selec- 
tive action,  is  evident  from  the  fact  that  the  muscle  tissue,  wbicb 
must  truly  have  had  as  good  an  opportunity  as  the  brain  tissue, 
retained  per  100  grams  of  substance  far  less  of  the  poison.  Elimio- 
ation  had  evidently  commenced,  for  the  kidneys  contained  a  decided 
amount  of  antimony. 

EXPERIMBNT   II. 

Hypodermic  injection  of  a  solution  of  tartar  emetic. 

In  this  experiment,  a  smaller  amount  of  tartar  emetic  was  used 
than  in  the  preceding;  and  further,  the  poison  was  introduced  in 
three  distinct  doses,  thus  allowing  longer  time  for  abeorption.  In 
fact,  the  animal  lived  22  hours  after  the  first  dose,  hence  the  experi- 
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ment  stands  in  striking  contrast  to  No.  1,  in  which  the  animal  lived 
but  two  hoars;  while  the  results,  contrasted  with  the  preceding, 
show  plainly  the  influence  of  time  on  the  distribution  of  the  poison. 
Following  are  the  results  of  the  experiment  on  a  rabbit  weighing 
1295  grams. 

Mar.  81,  at  5:20  p.m.,  injected  under  the  skin  of  leg,  0*012  grm.  tartar  emetic. 

April  1,  "  8:45  a.m.,  "  "  0-085 

A[«ll,  "12:45p.m.,  "  "  0-085  ** 

Total,  0082 

Animal  died  at  8K)5  p.  m. 

Following  is  the  distribution  of  the  antimony : 

Sb  per  100 

Total  weight,     Weight  of  Sb,  grams  of  tissue, 

grams.            milligrams.  milligrams. 

Kidneys 115                  0-60  5-21 

liver 630                  1*50  2-38 

Brain 90                  0*20  2-22 

Stomach  and  intestines 98-0                 2-00  204 

Heart  and  lungs 170                  0-25  1-47 

Muscle  from  back 1060                 0-70  0-66 

804-5  5-25 

As  might  naturally  be  expected,  the  results  indicate  a  more 
even  distribution  of  the  poison  than  in  the  preceding  experiment. 
Although  two-thirds  as  much  antimony  was  used  as  in  experiment 
Na  1,  the  liver  contains  a  far  smaller  proportional  amount  of  the 
poiflon  than  in  the  preceding  experiment,  while  the  kidneys  stand 
first  in  their  content  of  antimony.  Between  the  brain  and  the  liver, 
there  is  but  little  difference  and  the  experiment  plainly  substantiates 
the  preceding  in  showing  the  tendency  of  brain  tissue,  under  these 
conditions,  to  absorb  and  retain  antimony.  In  the  muscle  tissue  the 
percentage  of  absorbed  antimony  is  almost  exactly  the  same  as  in 
No.  1,  that  is,  proportional  to  the  amount  of  antimony  introduced. 
The  animal  had  evidently  lived  long  enough  to  admit  of  a  fairly 
complete  distribution  of  the  poison,  and  elimination  having  been 
going  on  for  some  time,  those  parts  which  had  originally  contained 
the  most,  particularly  the  liver,  had  been  drawn  on  to  the  greatest 
extent;  so  that  at  the  time  death  intervened,  the  excretory  organs, 
notably  the  kidneys,  were  the  richest  in  poison.  This  fact  further 
indicates  that  the  elimination  of  absorbed  antimony  proceeds  some- 
what rapidly. 
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Experiment  III. 

Hypodermic  injection  of  a  solution  of  tartar  emetic. 

In  this  experiment,  a  cat  weighing  1613  grams,  had  injected  under 
the  skin  of  its  hind  leg  0*150  gram  of  tartar  emetic  in  one  dose. 
Tiiere  was  some  purging  and  vomiting,  and  the  animal  died  in  k\ 
hours  after  the  administration  of  the  poison.  The  object  sought  in 
this  experiment,  which  is  virtually  a  repetition  of  No.  1,  with  a  some- 
wlvat  larger  dose  of  antimony,  was  simply  to  see  whether  there 
would  be  found  the  same  relative  absorption  of  antimony  by  the 
liver  and  kidney  as  in  No.  1,  and  if  by  chance  there  should  occur  a 
longer  interval  of  time  between  the  introduction  of  the  poison  and 
death,  what  then  would  be  the  relative  amounts  of  antimony  in  the 
two  organs.  As  stated  above,  the  animal  lived  4^  hours  after  the 
administration  of  the  poison,  or  2\  longer  than  the  cat  in  No.  1. 
Following  are  the  results  of  the  analysis  of  the  two  organs: 

Sb  per  100 
Total  weight,       Weif^ht  of  Sb,    grams  of  tissue, 
grams.  milligrams.         milligranis. 

Liver 62-0  250  403 

Kidneys 14-5  0*25  1-72 

These  confirm  to  a  certain  extent  the  results  of  No,  1,  while  at  the 
sjime  time  the  smaller  difference  between  the  amount  of  antimony 
ountained  in  the  liver  and  kidneys,  as  compared  with  the  difference 
found  at  the  end  of  two  hours  (see  experiment  I),  would  seem  t« 
iTiilicate  that  the  liver  had  already  absorbed  its  maximum  amount, 
and  that  at  the  time  of  death,  elimination  was  well  under  way;  or  in 
other  words,  that  the  removal  of  the  absorbed  antimony  from  the 
liver  had  already  commenced. 

Experiment  IV. 

(a.)  Hypodermic  injection  of  a  solution  of  tartar  emetic 
(5.)  Injection  of  a  solution  of  tartar  emetic  per  rectum. 

These  two  experiments  were  undertaken  to  ascertain  whether  the 
ju'i^ime  by  which  the  poison  was  introduced,  would  influence  materi- 
ally the  relative  absorption  of  the  antimony.  The  results,  however, 
jillliough  interesting,  do  not  definitely  answer  the  question.  Absorp- 
lion  by  injection  per  rectum  is  so  much  slower  than  by  hypodermic 
iiijcotion,  or  the  effects  produced  are  so  much  slower  in  manifest- 
ing themselves,  that  it  is  impossible  to  have  the  conditions  exactly 
lilike  in  the  two  cases.     Either  the  time  required  to  produce  a  giveo 
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effect,  in  the  case  of  injection  per  rectuniy  will  be  longer  than  by 
hypodermic  injection,  or  else  the  amount  of  poison  must  be  corre- 
spondingly increased ;  either  of  which  introduces  an  objectionable 
element  into  the  experiment. 

(a.)  Rabbit  weighing  1485  grams  had  injected  under  its  skin  0*80 
gram  of  tartar  emetic  dissolved  in  a  little  water.  Injection  made  at 
11:35  a.  m.  At  3:45  p.  m.,  4  hours  and  10  minutes  after  the  first 
injection,  0-08  gram  more  was  injected  in  the  same  manner.  At  4:05 
p.  m.  the  animal  died. 

(6.)  Rabbit  weighing  1512  grams  had  injected  per  rectum  0*08 
gram  of  tartar  emetic  dissolved  in  a  little  water.  Injection  made  at 
11:45  a.  m.  At  3:50  p.  m.  the  animal  apparently  not  being  affected 
at  all,  whereas  rabbit  (a)  was  strongly  under  the  influence  of  the 
poison,  0*160  gram  more  of  the  salt  was  injected  per  rectum  as 
before.  At  5:30  p.  m.  the  animal  was  still  alive,  but  evidently  feel- 
ing the  effect  of  the  poison.     The  animal  died  during  the  night. 

Following  are  the  results  of  the  analysis  of  the  parts  from  the  two 
rabbits : 

Rabbit  (a)  hypodermic  injection. 


Total  weight, 
grams. 

Kidneys 10*2 

Brain 5*5 

Liver 54*0 

Heart  and  lungs 15*5 

Stomach  and  intestines 174*0 

Muscle 1100 


Weight  of  Sb, 
milligrams. 

8b  per  100 

grams  of  tisssue, 

milligrams. 

0*65 

6-34 

0-20 

3-68 

1-80 

2-40 

0*80 

1-98 

1-60 

0*92 

0*50 

0-45 

4*55 


Rabbit  (b)  injection  per  rectum, 

Sb  per  100 

Total  weight,  Weight  of  Sb,  grams  of  tissue, 

grams.  milligrams.  milligrams. 

Stomach  and  small  intestines. . .  172  8*80  15*80 

Brain 9  0*40  4*40 

Rectum  and  adjoining  intestine.    18  0*55  8*05 

Liver 54  1*60  296 

Kidneys 18  0-25  192 

Muscle 100  110  •    Ml 

Urine 20  0*20  110 

Heart  and  lungs 17  trace 

408  12*99 
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Comparing  first,  the  results  obtained  from  rabbit  (a)  with  those 
of  the  three  preceding  experiments,  we  see  at  onoe  that  the  distribn* 
tion  of  the  antimony  is  mnch  the  same  as  in  No.  2,  in  which,  bov- 
ever,  the  animal  lived  nearly  22  hours  after  the  introduction  of  the 
first  dose  of  poison  and  somewhat  over  two  hours  after  the  last 
The  fatal  dose,  moreover,  in  this  case  was  nearly  the  same  in  amonot 
as  the  first  dose  in  experiment  IV  a. 

The  conditions,  however,  of  this  experiment  (IV  a)  do  not  exactly 
accord  with  any  of  the  preceding,  hence  close  comparisons  cannot 
well  be  made.  The  brain,  as  in  all  of  the  experiments  with  tartar 
emetic,  contains  a  proportionally  large  amount  of  antimony,  while 
the  muscle  contains  a  very  small  amount.  The  only  thing  in  thi« 
experiment  not  exactly  in  accord  with  the  preceding  experiments,  is 
the  proportionally  large  amount  of  poison  in  the  kidneys,  as  com- 
pared with  the  liv^r.  The  only  apparent  explanation  seems  to  be 
that,  the  first  dose  being  small,  the  liver  had  quickly  reached  iu 
nmximum  absorption  and  elimination  had  been  rapidly  going  on;  so 
that  at  the  end  of  the  four  hours  intervening  between  the  first  and 
second  doses  of  the  poison,  the  kidneys  had  drawn  extensively  from 
the  liver,  rapidly  diminishing  its  content  of  the  poison.  Further, 
after  the  second  dose  of  poison,  the  time  before  death  was  so  short 
that  the  additional  absorption  by  the  liver  was  not  sufficient  to  make 
up  the  deficiency,  and  hence  the  results  found.  In  this  connection,  it 
must  be  remembered  that  tartar  emetic  is  very  readily  soluble  and 
difi*usible,  and  that  being  injected  in  solution  directly  under  the  skin, 
its  absorption  must  necessarily  be  very  complete  and  rapid. 

In  Rabbit  {b)  the  conditions  are  wholly  different  from  those  of  the 
preceding  experiments.  In  all,  0*24  gram  of  tartar  emetic,  dissolved 
in  water  was  introduced  into  the  rectum  and  8-10  hours,  at  least, 
must  have  intervened  between  the  administration  of  the  first  dose  of 
the  poison  and  death.  That  the  stomach  and  small  intestines  should 
contain  the  largest  proportional  amount  of  antimony  is  perhaps  not 
at  all  strange,  since  the  antimony  solution  would  naturally  pass 
rapidly  by  osmosis  through  the  entire  alimentary  tract.  That  this, 
however,  is  not  the  full  explanation,  is  evident,  when  we  compare 
the  amount  found  in  the  large  intestine  with  the  former.  If  due 
simply  to  osmosis,  the  percentage  amount  of  antimony  would  be 
about  the  same  all  through  the  intestines ;  hence  we  must  look  to 
some  selective  action  for  explanation  of  the  increased  amount  found 
in  the  small  intestines.  In  all  of  the  preceding  experiments,  the 
amount  of  antimony  found  in  the  stomach  and  intestines  has  been 
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considerably  greater  than  in  the  muscle  tissae.  Undoubtedly,  the 
greater  vascularity  of  the  former  has  much  to  do  with  its  greater 
content  of  the  metal,  but  even  this  is  not  saffioieut  to  account  for  all 
of  the  antimony  found;  for  whenever  blood  itself  has  been  analyzed, 
the  amount  of  antimony  has  not  been  large.  Unquestionably  then, 
we  must  assume  special  absorptive  action  on  the  part  of  the  epi- 
thelial cells  of  the  stomach  and  small  intestines.  In  this  connection 
it  is  well  to  notice  the  work  of  Brinton,  who  proved  that  when 
tartar  emetic  was  injected  into  the  vein  of  an  animal,  it  was  very 
freely  and  rapidly  eliminated  by  the  stomach.  This  was  also  cor- 
roborated by  Dr.  Richardson  who,  in  addition,  found  that  a  simi- 
lar elimination  followed  the  inhalation  of  antimoniuretted  hydro- 
gen.* In  addition,  it  may  be  that  absorption  of  antimony  from 
the  alimentary  tract  goes  on  slowly  and  that  hence  only  a  por- 
tion was  removed.  This  idea  has  considerable  to  support  it, 
when  we  consider  the  distribution  of  the  absorbed  antimony. 
Remembering  that  in  this  experiment,  a  larger  amount  of  anti- 
mony was  used  than  in  any  of  the  preceding  ones,  and  that  there 
was  apparently  ample  time  for  absorption,  one  cannot  help  but  think 
that  the  content  of  antimony  in  the  remaining  tissues  and  organs  is 
very  small.  This  is  very  evident,  and  must  be  due  to  one  of  two 
causes ;  either  there  has  been  a  lack  of  absorption  or  else  elimination 
has  been  going  on  very  rapidly.  The  brain  contains  a  noticeable 
amount  of  antimony,  larger  than  found  in  any  preceding  case,  while 
the  liver  and  kidneys  both  contain  a  comparatively  small  amount. 
The  amount  qf  antimony  in  the  kidneys  and  particularly  the  amount 
in  the  urine,  plainly  indicates  that  elimination  was  going  on  rapidly; 
hot  the  fact  that  the  percentage  content  of  antimony  in  the  liver  is 
greater  than  in  the  kidneys,  would  perhaps  indicate  that  at  the  time 
of  death,  absorption  was  not  completed.  Such  being  the  case,  the 
only  inference  to  be  drawn  from  the  two  preceding  experiments,  is 
that  the  introduction  of  tartar  emetic  into  the  rectum  leads  simply 
to  a  much  slower  absorption  and  distribution  of  the  antimony  than 
by  hypodermic  injection,  but  that  there  is  no  essential  difference  in 
the  relative  distribution  of  the  poison  under  these  two  conditions. 

•  Quoted  by  H.  C.  Wood,  Therapeutics,  p.  169. 
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Experiment  V. 
(a.)   Tartar  emetic  in  substance,  introduced  into  the  stomach, 
(b.)  Antimonious  oxide  (Sb,0,)  introduced  into  the  stomach 

In  this  experiment  there  were  two  objects  in  view ;  one  was  to  see 
the  eflTect  of  tartar  emetic  in  substance,  as  compared  with  the  action 
of  the  same  salt  introduced  into  the  system  by  hypodermic  injection 
or  per  rectum ;  the  second,  to  compare  the  absorption  of  an  insolM 
compound  of  antimony  (Sb,0,)  with  that  of  the  more  soluble  tartrate. 

In  this  experiment  two  dogs  were  used  and  the  poison  was  fed  to 
them  at  regular  intervals,  in  small  doses,  for  a  period,  in  each  case,  of 
17  days.  The  animals  were  then  killed  and  the  various  parts  anal- 
yzed. The  two  experiments  were  exactly  alike  in  every  respect, 
except  in  the  amount  of  poison  administered. 

(a.)  Dog  weighing  7*75  kilos  was  fed  0*762  gram  of  tartar  emetic 
during  a  period  of  17  days,  in  two  or  three  doses  daily,  the  individ- 
ual doses  being  small  enough  not  to  induce  vomiting.  The  first  two 
days,  the  dose  was  0'016  gram  per  day,  the  third  0*020  gram,  the 
fourth  0*030  gram  and  so  on,  increasing  each  day  until  the  last  daily 
dose  was  0*085  gram  of  the  poison.  The  dog  was  then  killed  by 
chloroform,  just  six  hours  after  the  last  do8e  of  poison  was  admmis- 
tered. 

(b,)  Dog  weighing  14*2  kilos  was  fed  2*073  grams  of  antimonious 
oxide,  during  a  period  of  17  days,  in  two  daily  doses  of  from  0*082 
to  0*126  gram  per  day.  The  dog  was  then  killed  by  chloroform,  18 
hours  after  the  last  dose  of  antimony  was  given. 

Following  are  the  results  of  the  analysis  of  the  various  parts: 

Dog  {a)  with  tartar  emetic — (0*762  gram). 

Sb  per  100 
Total  weight,     Weight  of  Sb,     giBms  of  tissue, 
grams.  milligrams.  milligrams. 

liver -  804  17-80  5*85 

Salivary  glands 11  0-25  227 

Kidneys 58  1*25  215 

Brain 76          ^  115  151 

Tongue 86  0-40  Ml 

Muscle  (thigh) 150  1-60  106 

Spleen 19  0*15  0-80 

Heart 77  0*50  0-66 

Lung 140  0-50  0*86 

Bone  (femur  and  tibia) 48  010  0*38 

Blood 180  0*20  015 

Testes 12  trace 

Pancreas 28  trace 

1079  2405 
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Dog  (ft)  toith  antimaniotts  oxide — (2-073  grams). 

Sb  per  100 
Total  weight,     Weight  of  Sb,    grams  of  tissue, 
grams.  milligrams.         milligrams. 

Liver 462  28-70  524 

Lungs 140  1-80  1-28 

Muscle  (fore  leg) 167  1-20  0-76 

Brain 7»  0-40  0*50 

Muscle  (thigh) 200  090  0-45 

Kidneys 82  010  012 

Heart 117  *race 

Blood 440  trace     . 

1667  28-10 

Id  consideriDg  these  results,  we  notice  first  that  in  dog  (a)  the  dis- 
tribution of  the  poison  is  much  the  same  as  in  the  preceding  experi- 
ments with  tartar  emetic,  viz :  the  liver,  kidneys  and  brain  stand 
first  in  their  content  of  antimony.  That  the  liver  should  contain 
more  per  100  grams  than  the  kidneys,  although  the  animal  lived  full 
eight  hours  after  the  last  dose  of  poison  was  taken,  is  here  to  be 
expected,  since  absorption  as  a  whole  would  naturally  be  slower 
than  in  some  of  the  preceding  experiments ;  and,  further,  in  this  case 
probably  all  of  the  antimony  would  be  absorbed  through  the  portal 
circulation.  In  the  case  of  dog  (&),  the  conditions  are  different  from 
any  heretofore ;  we  have  here  an  insoluble  form  of  antimony  con- 
trasted with  a  readily  soluble  and  diffusible  salt.  Solution  must 
necessarily  be  somewhat  slow  in  this  case,  but  the  acid  juices  of  the 
stomach  unquestionably  do  dissolve  and  render  diffusible,  at  least  a 
portion  of,  this  form  of  the  poison. 

We  notice  first  that  the  total  amount  of  antimony  administered,  is 
folly  three  times  as  much  as  the  amount  of  tartar  emetic  given,  and 
jet  the  amount  of  antimony  recovered  from  the  different  tissues  and 
organs  is  but  4  milli^ams  more  than  in  the  case  of  tartar  emetic. 
This  suggests  that  either  considerable  antimony  is  excreted  by  the 
kidneys  (more  than  in  the  case  of  tartar  emetic)  or  else  that  consid- 
erable passes  through  the  alimentary  tract  unabsorbed.  The  dog 
being  confined  in  a  cage  of  suitable  construction,  the  24  hours'  urine 
was  collected  on  several  occasions  and  the  amount  of  antimony  deter- 
mined. Thus  on  one  day,  when  0*007  gram  of  antimonious  oxide  had 
been  administered,  following  after  a  daily  dose  of  0*064  gram,  the  24 
hours'  urine  contained  13*5  milligrams  of  antimony  (Sb).  Later,  at  a 
time  when  the  daily  dose  was  0*130  gram  of  the  oxide,  the  24  hours' 
arine  contained  22*5  milligrams  of  antimony.  Hence  it  is  plain  that 
Traks.  (k)KN.  Acad.,  Vol.  VII.  37  Nov.,  1886. 
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considerable  of  the  antimony  given  was  being  absorbed;  bat  bearing 
in  mind  that  this  latter  amount  was  the  largest  excreted  by  the  kid- 
neys in  any  one  day,  and  further  that  the  daily  dose  of  antimony  wm 
being  increased  each  day  rather  than  diminished,  it  is  also  plainly  evi- 
dent from  the  amount  of  absorbed  antimony  found,  that  a  certain  por- 
tion must  pass  through  the  alimentary  canal  unabsorbed.  Further,  the 
small  amount  of  antimony  found  in  the  kidneys  supplements  this 
view,  as  does  also  the  noticeably  small  amount  of  absorbed  antimony 
found  throughout  the  body,  aside  from  the  liver. 

One  of  the  main  objects  in  trying  this  last  experiment  was  to  see 
what  influence  the  fonn  of  the  poison  would  have  on  its  absorption 
by  the  brain.  With  arsenic,  it  has  been  plainly  demonstrated  by 
one  of  us,*  as  well  as  by  other  workers  in  this  field,  that  soluble  and 
readily  diffusible  forms  of  arsenic  are  absorbed  by  the  brain  in 
appreciable  quantities,  while  arsenious  oxide  for  example,  no  matter 
whether  taken  in  large  or  small  doses,  single  or  oft-repeated,  is  never 
found  in  the  brain  other  than  in  mere  traces.  With  antimony  we 
had  expected  to  see  something  of  the  same  kind.  The  results,  bow- 
ever,  although  tending  in  that  direction,  are  not  quite  as  decisive  as 
we  should  have  liked.  The  antimony  found  in  the  brain  in  the  anti- 
monious  oxide  case  is,  to  be  sure,  considerably  smaller  in  amount  than 
that  found  in  (a),  although  the  dose  of  antimony  given  in  the  former 
was  much  larger  than  in  the  latter  case.  But  it  is  also  to  be  seen  in 
the  antimonious  oxide  case,  that  the  amount  of  absorbed  antimony  in 
the  brain,  although  very  small,  is  still  greater  than  the  amount  found 
in  the  kidneys  or  muscle. 

We  attempted  another  experiment  in  the  same  direction  with  rab- 
bits, but  as  the  amounts  of  antimony  found  in  the  brain  in  both  ani- 
mals were  hardly  more  than  mere  traces,  the  results  do  not  give  ns 
any  additional  light  on  the  matter.  In  spite  of  the  fact  that  the 
experiment  was  a  failure,  so  far  as  its  main  object  was  concerned,  we 
venture  to  describe  it,  since  it  well  illustrates  in  other  respects,  the 
greater  virulence  and-  diffusibility  of  tartar  emetic.  Two  rabbits  of 
nearly  equal  weight  were  selected,  and  to  one  potassium  antimony 
tartrate  was  fed  in  gradually  increasing  doses  for  a  period  of  IT 
days,  at  the  end  of  which  time  the  animal  died  with  all  the  symp- 
toms of  antimoniacal  poisoning.  To  the  other  rabbit,  antimonious 
oxide  was  fed  for  the  same  period  of  time,  in  doses  the  same  as  given 
to  the  first  rabbit ;  that  is,  doses  equivalent  to  the  antimony  (Sb) 
contained  in  the   tartar  emetic.     Each   rabbit,  therefore,   received 


♦  See  Studies  from  this  Laboratory,  vol.  i,  for  the  year  1884-85,  p.  141. 
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twice  a  day,  tbe  same  equivalent  of  antimony,  and  at  the  end  of  the 
17  days  the  one  rabbit  had  taken  2-34  grams  of  tartar  emetic,  the 
other  1'08  grams  of  antimonious  oxide.  While  each  rabbit  had 
taken  the  same  amount  of  antimony,  the  one  which  had  taken  it  in 
tbe  form  of  potassium  antimony  tartrate  was  much  more  severely 
affected  by  the  poison.  In  this  case  there  was  severe  purging  and 
finally  death  on  the  17th  day.  In  the  case  of  the  rabbit  fed  with 
antimonious  oxide,  the  only  apparent  effect  of  the  poison  was  a  loss 
of  appetite  and  great  thirst.  This  animal  was  killed  with  chloro- 
form on  the  death  of  the  first  rabbit.  Both  forms  of  antimony  were 
administered  as  powders,  by  way  of  the  mouth,  in  small  gelatin 
capsules. 

Following  are  the  results  of  the  analysis  of  the  various  parts 
from  the  two  rabbits : 

Rabbit  (a)  fed  with  tartar  emetic, 

Sb  per  100 
Total  weight,    Weight  of  Sb,  grams  of  tissue, 
grains.  milligrams.        milligrams. 

liver 60-0  4*8  9-60 

Kidneys 6-7  0-5  7-40 

Heart  and  lungs 18-0  0-4  2-22 

Muscle  from  back 550  0*5  0*91 

Muscle  from  legs 790  0-3  0*88 

Brain 7*7  trace 

216-4  6-5 

Rabbit  (h)  fed  with  antimonious  oxide. 

Sb  per  100 

Total  weight  Weight  of  Sb,  grams  of  tissue, 

grams.  milligrams.  milligrams. 

Uver 570  1-3  2-28 

Muscle  from  back 77*0  0*7  0-90 

Muscle  from  legs 1000  0-7  070 

Kidneys 8*0  trace 

Heart  and  lungs 16*0  trace 

Brain 8*5  tra^x 

266-5  2-7 

Looking  at  these  results  and  remembering  that  each  animal  re- 
ceived the  same  amount  of  metallic  antimony,  it  is  evident  that 
tartar  emetic  is  much  more  completely  absorbed  than  the  oxide. 
With  tartar  emetic,  however,  the  results  are  not  exactly  in  accord 
with  the  previous  ones,  obtained  with  this  salt ;  thus  the  amount  of 
antimony  absorbed  by  the  brain  is  far  smaller  proportionally  than 
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found  hitherto.  To  be  sure,  the  compound  was  not  in  the  previous 
experiments  introduced  into  the  stomach  of  a  rabbit  in  the  form  of 
powder,  and  it  is  possible  that  the  reason  for  the  difference  in  the 
amount  of  antimony  found  in  the  brain  in  this  case  and  that  in  the 
brain  of  the  dog  similarly  treated,  lies  in  the  fact  of  a  slower 
absorption  from  the  stomach  of  a  herbivorous  animal. 


XIX.— Influbnce  op  Antimonioub  Oxide  on  Metabolism.     By 
R  H.  Chittenden  and  Joseph  A.  Bl'ake. 

TuE  physiological  action  of  antimony  has  heen  stadied  mainly  with 
potassium  antimony  tartrate,  the  form  in  which  antimony  is  most 
commonly  used  therapeutically.  No  experiments,  however,  appear  to 
have  heen  made,  even  with  this  salt,  to  ascertain  the  influence  of  an- 
timony on  the  metabolism  of  the  body.  Gathgens,  however,  as 
quoted  by  Dr.  H.  C.  Wood,*  found  in  some  incomplete  experiments 
an  increase  in  the  elimination  of  urea  after  repeated  non-toxic  doses 
of  antimony.  It  is  further  reportedf  that  antimonic  acid  or  other 
preparations  of  the  metal,  when  taken  in  half  gram  doses  daily  for 
about  two  weeks,  cause  a  diminution  in  the  amount  of  glycogen  in 
the  liver  and  even  a  total  disappearance  of  it,  and  that  the  liver,  kid- 
neys and  heart  undergo  fatty  degeneration.  Grobe  and  Mosler^ 
bave  confirmed  the  latter  and  state  that  in  the  production  of  the 
famous  fatty  livers,  a  certain  amount  of  the  white  oxide  of  antimony 
is  fed  to  the  geese  daily.  Aside  from  these  facts,  there  appears  lit- 
tle definite  regarding  the  action  of  antimony  on  the  physiology  of 
natrition. 

What  we  have,  therefore,  endeavored  to  ascertain  in  the  present 
experiment  is  the  influence  of  antimony  on  metabolism ;  or  particu- 
larly, on  proteid  metabolism  as  manifested  in  the  excretion  of  nitro- 
gen, sulphur  and  phosphorus.  Previous  experiments§  have  shown  that 
potassium  antimony  tartrate  has  a  noticeable  retarding  action  on 
pancreatic  digestion ;  we  have  not,  however,  deemed  it  best  in  the 
present  experiments  to  use  tartar  emetic,  as  the  ready  solubility  and 
difiusibility  of  the  compound  might  cause  too  rapid  absorption  and 
thus  lead  to  speedy  toxic  action.  In  spite,  therefore,  of  the  fact  that 
we  have  not  made  any  experiments  on  the  influence  of  antimonious 
oxide  on  digestive  action,  we  have  preferred  to  use  the  latter  in  the 
present  experiments,  because  of  its  probable  slower  toxic  action  and 
also  because  it  has  been  so  extensively  used  as  a  means  to  induce,  or 
to  aid  in  the  production  of,  fatty  degeneration. 


*  Therapeutics,  Materia  Medica  and  Toxicology,  p.  156. 
f  See  Virchow's  Archiv.,  1866,  Band  xxxiv,  p.  78. 
X  Compare  H.  G.  Wood.    Then^atics,  p.  161. 
§  Studies  from  this  Laboratory,  1884-86,  p.  105. 
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Our  experiments  were  made  on  a  setter  dog,  weighing  12-6  kilos. 
The  animal  was  confined  in  a  suitable  cage,  so  that  the  excretions 
could  be  collected  daily  without  loss.  The  food  consisted  of  fresh 
beef  and  crackers,  together  with  a  suitable  amount  of  water.  The 
beef  was  prepared  as  follows  :  About  40  lbs.  of  fresh  beef,  freed  from 
fat,  tendons,  etc.,  was  finely  divided  by  passing  through  a  saasage 
madiine  and  then  dried  at  a  low  temperature  until  it  had  lost  aboat 
75  per  cent.  6i  water,  and  was  in  a  condition  suitable  for  preser\'8tion. 
50  grams  of  this  preserved  meat,  together  with  75  grams  of  the  sam- 
pled crackers,  soaked  in  300  c.c.  of  water,  were  fed  to  the  dog  twice 
daily.  The  meat,  as  determined  by  Kjeldahl's  method,  contained 
12-4  per  cent,  of  nitrogen,  while  the  crackers  contained  1*9  per  cent. 
Hence  the  dog  was  fed  daily  ]5*25  grams  of  nitrogen. 

On  May  11th,  the  dog  was  put  upon  this  diet  and  from  the  17th  on, 
the  24  hours'  urine  was  collected  daily  and  analyzed.  After  a  period 
of  two  weeks,  duriiig  which  daily  analysis  of  the  urine  had  shown  a 
fairly  constant  composition,  antimonious  oxide  was  added  to  the  diet 
in  tlte  quantities  indicated  in  the  table  of  results ;  the  diet  of  course 
continuing  the  same  throughout  the  length  of  the  experiment. 

We  deemed  it  better,  as  well  as  more  accurate,  to  measure  the  in- 
llti^nce  of  the  antimony  by  a  daily  determination  of  the  total  nitro- 
gen, sulphur  and  phosphorus  of  the  urine,  rather  than  to  attempt  a 
dett^rmination  of  urea,  uric  acid,  phosphoric  acid,  etc.  Nitrogen,  we 
dett'iTnined,  according  to  the  method  of  Kjeldahl,*  modified  slightly 
as  suggested  by  Dr.  E.  H.  Jenkins,  of  the  Agricultural  Experiment 
Station,  viz:  5  c.c.  of  the  acid  urine  were  placed  in  a  long  pear-shaped 
bulb  and  evaporated  to  dryness  quickly  on  a  water  bath.  The  resi- 
due was  heated  directly  over  a  small  fiame  with  10  c.c.  of  pure  con- 
ct^Tit rated  sulphuric  acid  and  0*7  gram  of  oxide  of  mercury,  until  oxi- 
(Isition  was  almost  complete.  Then,  a  little  finely  powdered  potassium 
permanganate  was  added,  to  render  the  oxidation  quite  complete. 
The  solution  was  then  diluted,  an  equivalent  amount  of  potassium 
sulphide  added  to  convert  the  mercury  into  sulphide,  and  lastly  a 
standard  solution  of  sodium  hydroxide,  after  which  the  ammonia  was 
(Iriven  off  by  boiling  and  collected  in  standard  acid. 

Total  phosphorus  and  sulphur  were  determined  as  follows  :  50  cc 
of  urine  were  evaporated  in  a  capacious  silver  dish  with  10  grams  of 
potassium  hydroxide  and  10  grams  of  potassium  nitrate  and  the  resi- 


^  Neue  Methode  zur  Bestimmung  des  Stickstoffa  in  organischen  Korpem.  Zeitsdirift 
Fur  iiualytische  chemie,  xxii,  366. 
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dae  heated  caref  nlly  until  the  organic  matter  was  completely  oxidized. 
The  fused  mass  was  then  dissolved  in  water  and  diluted  to  250  c.c. 
Of  this,  100  C.C.,  representing  20  c.c.  of  the  original  urine,  were  used 
for  the  sulphur,  while  the  second  100  c.c.  were  used  for  the 
phosphorous,  determination.  For  sulphur,  the  100  c.c.  were  acidi- 
fied with  hydrochloric  acid  and  evaporated  to  dryness  on  a  water 
bath  in  order  to  remove  all  nitrate  and  nitrite.  The  residue  was  then 
dissolved  in  water  acidified  with  hydrochloric  acid,  and  the  sulphuric 
acid  precipitated  with  barium  chloride  in  the  usual  manner.  For 
phosphorus,  the  100  c.c.  were  acidified  with  nitric  acid,  evaporated 
to  dryness,  the  residue  dissolved  in  water,  acidified  with  nitric  acid 
and  the  phosphoric  acid  precipitated  with  molybdenum  solution. 
This  precipitate  was  then  dissolved  in  a  dilute  solution  of  ammonia, 
the  phosphoric  acid  reprecipitated  as  ammonio-magnesium  phosphate, 
and  the  phosphorus  finally  weighed  as  magnesium  pyrophosphate. 
Chlorine  was  determined  volumetrically  in  the  usual  manner,  with 
a  standard  solution  of  silver  nitrate,  after  destruction  oi  the  organic 
matter  by  fusion  with  potassium  nitrate,  etc. 

The  results,  expressed  in  grams  per  24  hours,  are  shown  in  the  ac- 
companying tables.  The  24  hours'  urine  represents  the  quantity  passed 
from  9  A.  M.  of  one  day  to  9  a.  m.  of  the  next.  As,  however,  the  ani- 
mal was  not  always  regular  in  its  passage  of  urine,  it  frequently 
happened  that  the  quantity  on  one  day  would  be  very  small,  while  on 
the  next  it  would  be  correspondingly  increased,  without  any  change 
in  specific  gravity,  and  with  a  daily  average  corresponding  to  the 
Dormal,  as  for  example  on  May  25th  and  26th. 

In  order,  therefore,  to  obviate  the  difficulty  which  this  irregularity 
tends  to  introduce  into  the  results,  we  have  added  to  the  table  a  daily 
average  of  each  three  days  results ;  a  study  of  which  shows  plainly 
that  antimonious  oxide,  in  the  present  experiment  at  least,  does 
not  have  any  noticeable  influence  on  the  excretion  of  any  of  the  ele- 
ments determined.  Numerically,  there  is  a  slight  increase  in  the 
amount  of  nitrogen  excreted  during  the  taking  of  the  antimony,  but 
the  increase  is  noticeable  only  in  the  grand  average  and  is  altogether 
too  small  to  be  of  much  significance.  Further,  it  is  to  be  noticed  that 
the  average  for  the  two  series  does  not  show  any  corresponding  in- 
crease in  sulphur.  If  antimony  causes  an  increased  excretion  of 
nitrogen,  it  means  an  increase  in  proteid  metabolism,  which  should  in 
tarn  give  rise  to  an  increased  excretion  of  sulphur  and  phosphorus. 
It  is  to  be  noticed  in  the  daily  results,  that  the  excretion  of  sulphur 

nd  phosphorus  runs  parallel  with  the  excretion  of  nitrogen ;  an  in- 
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crease  in  the  latter  is  always  accompaDied  by  an  increase  in  the  two 
former.     In  the  grand  average  of  the  results,  however,  the  slight  in- 
crease in  nitrogen  is  not  accompanied  by  a  corresponding  increase  in 
sulphur.     In  fact,  the  two  series  of  results,  indicate  plainly  that  the 
antimony  was  without  any  material  action.     The  total  amount  of  an- 
timony given,  16  grains  of  the  oxide  during  18  days,  was  certainly 
sufficient  in  quantity  to  have  exerted  its  peculiar  influence  if  possessed 
of  any.     The  antimony  was  certainly  absorbed,  and  that  too  in  con- 
siderable amount.     Thus  on  the  11th  of  June  the  24  hours'  urine  con- 
tained 13*5  milligrams  of  metallic  antimony;  on  the  17th,  22*4  milli- 
grams; on  the  18th,  17*6  milligrams  and  on  the  20th  of  June,  151 
milligrams  of  metallic  antimony.     These  quantities  of  absorbed  anti- 
mony would  certainly  indicate  the  presence  of  sufficient  antimony  for 
some  decided   influence   on   metabolic   action,  if  any  existed.    The 
amount  of  nitrogen  excreted  daily,  is  seen  to  be  considerably  below 
the  amount  of  nitrogen  ingested.     We  did  not  make  daily  examina- 
tions of  the  faecal  matter,  but  such  as  were  made  showed  plainly  thai 
the  deficiency  in  nitrogen  was  contained  mainly  in  the  faeces ;  tbos  on 
the  6th  of  June  the  100  grams   of  Cseces   excreted,   contained  2*4i 
grams  of  nitrogen.     At  that  date,  the  average  amount  of  nitrogen 
(ixcreted  by  the  urine  was  12*36  grams  per  day  ;  this  amount,  added 
to  the  faecal  nitrogen  makes  a  total  of  14*78  grams  excreted,  against 
15*25  grams  ingested ;  a  diflerence  to  be  found  mainly  in  the  hair 
thrown  ofl*,  and  in  part,  in  the  ordinary  errors  of  analysis. 

We  must  conclude,  therefore,  that  small  repeated  doses  of  anti- 
monious oxide  ai-e  without  influence  on  the  excretion  of  nitrogen, 
sulphur  and  phosphorus,  and  that  consequently  this  compoaDd^  at 
least  when  taken  in  non-toxic  doses,  has  no  action  on  proteid  meta- 
bolism. 
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XX. — On  Som£  Metallic  Compounds  of  Albumin  and  Myosin. 
By  R.  H.  Chittendkn  and  Henry  H.  Whttbhousb,  Ph.B. 

EvBB  since  Lieberkahn,  in  1852,  attempted  to  establish  the  molecu- 
lar weight  of  albumin  by  preparing  and  analyzing  the  copper  com- 
poand  resulting  from  the  action  of  a  soluble  copper  salt  on  a  solution 
of  egg-albumin,  various  investigations  have  been  published  bearing 
on  the  nature  and  composition  of  the  compounds  of  albumin  with  the 
heavy  metals.  Before  this  time  even,  F.  Rose,  in  1888,  had  published 
an  analysis  of  a  copper  compound  of  albumin  in  which  he  had  found 
from  rso  to  1*70  per  cent,  of  cupric  oxide,  and  Mitscherlich,  in  1887, 
pnhlished  an  analysis  of  a  similar  albumin  compound,  in  which  he 
found  from  2-8  to  8  8  per  cent,  of  cupric  oxide,  while  Lieberktlhn's 
compound  contained  4*6  percent  CuO.  Compounds  of  albumin  with 
other  metals  have  also  from  time  to  time  been  prepared,  such  as  zinc, 
lead,  silver  and  mercury,  and  in  one  or  two  cases  provisional  formulae 
have  been  given.  The  results,  however,>  are  to  be  considered  as 
quite  uncertain.  With  platinum  chloride  a  compound  appears  to 
have  been  formed*  of  somewhat  more  certain  composition.  Aside 
from  the  more  recent  experiments  of  Ritthausenf  on  the  vegetable 
albumins  (gluten-casein,  legumin,  etc.),  egg-albumin  has  been  the 
chief  albuminous  body  experimented  with,  and  copper  the  main 
metal. 

Recent  work  by  one  of  us  (C)  on  the  albumose  and  globulose 
bodies,  together  with  work  on  the  products  formed  from  casein  and 
myosin,  has  led  to  a  partial  study  of  the  metallic  compounds  of  these 
bodies.  As  a  preliminary,  however,  we  found  it  necessary  to  study  a 
few  of  the  compounds  of  egg-albumin,  and  as  the  results  thus  obtained 
were  not  in  accord  with  the  more  recent  results  of  Harnack^  we  have 
continued  our  work  with  egg-albumin  and  with  myosin,  the  results 
of  which  we  now  present. 

*  See  Gommaile,  Moniteur  Scientiflque,  1866,  and  Fuchs,  in  Annalen  der  Chemie, 
▼oL  cU,  p.  372. 

f  Die  Eiweisskorper  der  Qetreidearten,  etc  Journal  fur  prakt  Ghem.,  vol.  xii,  p.  361. 

X  tJntergachungen  ftber  die  Kupferverbindungen  des  Albumins.  Zeitachrift  fiir  pby- 
Biologiscbe  Cbemle,  vol.  v,  p.  198. 
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I.   EOO-ALBUMIK. 

(a)   Copper  Compounds. 

In  looking  over  the  literature  of  the  subject,  it  becomes  evident  at 
once  that  the  older  investigators,  owing  either  to  the  nature  of  the 
oompound,  to  adherent  impurities  or  to  faulty  methods,  were  not 
able  to  obtain  concordant  results,  since  the  copper  compound  of  egg- 
albumin,  as  prepared  and  analyzed  by  six  distinct  investigators,  was 
found  to  contain  from  1*60  to  6'19  per  cent,  of  CuO.     In  all  of  these 
eases  the  preparation  of  the  copper  compound  was  essentially  the 
same ;  a  solution  of  egg-albumin  was  precipitated  with  a  solution  of  a 
eopper  salt,  the  precipitate  collected,  washed  thoroughly  with  water, 
dried,  and  the  copper  determined  by  simple  ignition.     Naturally  this 
method,  as  suggested  by  Harnack,  might  be  expected  to  give  too 
high  results,  since  the  copper  precipitate  would  unquestionably  re- 
tain considerable  of  the  inorganic  matter  of  the  albumin.     Treated  in 
this  manner,  however,  F.  Rose,*  as  already  stated,  found  the  copper 
compound  to  contain  from  1*60  to  r69  per  cent,  of  CuO.     Mitscbw- 
1ich,f  who  held  that  the  copper  precipitate  was  a  compound  of  egg- 
albumin  with  the  copper  salt,  found  in  his  preparations  2 '8-3*3  percent 
OaO,  while  Bielitzki,^  who  demonstrated  that  the  precipitate  was  an 
actual  compound  of  albumin  with  cupric  oxide,  found  in  his  preparation? 
4'76-6*20  per  cent,  of  CuO.     Lassaigne,  as  quoted  by  Harnack,  fooad 
4'fl6  per  cent,  of  CuO,  Mulder§  4*44  per  cent.,  while  Lieberktlhn'sl 
[jreparation  contained  4*6  per  cent,  of  OuO.     Further,  Ritthau8en*s 
copper  compounds  of  the  vegetable  albumins  were  found  to  contain 
from  11 '6  to  17*0  per  cent,  of  CuO.    These  results  collectively,  would 
therefore  seem  to  indicate  that  when  egg-albumin  is  precipitated  by 
a  soluble  copper  salt,  the  resulting  compound  does  not  contain  a  defi- 
nite proportion  of  albumin  and  cupric  oxide,  or  else  that  there  are  a 
large  number  of  albumin-copper  compounds.     More  recently,  bow- 
ever,  E.  Harnack,  1*  from  analysis  of  fifteen  separate  preparations, 
comes  to  the  conclusion  that  there  are  two  distinct  compounds  of 
albumin  with  copper;  one  containing  1*35  per  cent,  of  Cu,  the  other 
2-64  per  cent,  of  Cu,  indicating  as  Harnack  suggests,  a  copper  albn- 
TQinate  in  the  first  case  of  the  formula  C,^H„,N„O^S,Cu,  in  which  Cn 
replaces  two  atoms  of  hydrogen  in  the  albumin  molecule,  and  in  the 
second  case,  an  albuminate  of  the  formula  C„^H,„N„O^S,Ca^  in 

*  PoggendorfPa  Annalen,  voL  xxviii,  1833.        f  Mailer's  Arohiv.  for  183T,  p.  9L 
t  Disaertation,  Dorpat,  1853.  §  Phyaiologiache  Chemie,  1844-61. 

I  Poggendor£rs  Annalen,  vol.  Ixxzvi,  1862.       ^  Loc.  oit. 
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which  two  atom«  of  Ca  replace  four  of  hydrogen.  The  results  ob* 
Uuned  by  this  investigator  wonld  certainly  seem  to  warrant  this  con- 
elusion,  for  the  analytical  data  of  the  different  preparations  show  bat 
slight  variations  ;  1*34-1*37  per  cent,  in  the  one  case,  and  2-48-2*74 
percent  in  the  other.  Farther,  Hamack  worked  with  nearly  ash-free 
preparations,  the  compoands  after  their  first  precipitation  and  wash- 
ing being  dissolved  in  sodiam  carbonate  and  reprecipitated  by  care- 
ful addition  of  acid.  By  repeating  this  process  several  times,  the  ash 
of  the  preparation  was  almost  entirely  removed,  while  the  relative 
proportion  of  copper  and  albamin  was  not  affected.  As  to  the  condi- 
tions which  determine  the  formation  of  one  or  the  other  compoand, 
there  seems  to  be  little  definite  other  than  that  in  general,  the  com- 
poand with  smaller  content  of  copper  was  obtained  when  the  precipi- 
tation took  place  in  the  presence  of  a  slight  excess  of  albumin,  and 
the  compoand  with  larger  content  of  copper  when  in  the  presence  of 
an  excess  of  the  copper  salt.  In  no  case  were  the  copper  salt  and  alba- 
min solntions  mixed  in  definite  proportions,  yet  in  every  case  one  of 
the  two  compoands  was  formed ;  farther,  Harnack  states  that  when 
an  amount  of  copper  salt  exactly  sufficient  to  form  the  albuminate 
is  added  to  a  given  quantity  of  albumin,  no  precipitate  results ;  in 
other  words  an  excess  of  the  copper  salt  is  necessary  to  insure  a 
separation  of  the  compound. 

Hamack's  results,  therefore,  differ  from  those  of  the  preceding  in- 
vestigators in  that  definite  compoands  appear  to  have  been  formed  in 
every  case,  and  farther,  in  that  the  compoands  contain  a  lower  per- 
centage of  copper  than  found  by  any  other  investigators  aside  from 
F.Rose.  This  latter,  it  will  be  remembered,  found  1*60-1*69  per 
cent  of  CuO  ;  1*69  per  cent,  being  equal  to  1*84  per  cent,  of  Cu,  one  of 
the  percentages  found  by  Harnack.  Harnack  further  states  that  the 
average  of  the  analyses  made  by  othgr  investigators,  aside  from  Rose, 
show  about  4*4  per  cent,  of  CuO,  and  assuming  that  the  various  prep- 
arations contained  an  amount  of  ash  equivalent  to  about  1  per  cent, 
(which  amount  Harnack  found  in  his  preparations  before  purification) 
the  percentage  amount  of  cupric  oxide  would  be  reduced  to  about  3*4 
=2*7  per  cent.  Cu,  or  the  amount  found  by  Harnack  in  his  highest  cop- 
per compound.  But  as  Rose's  preparation  was  made  by  the  simple  ad- 
dition of  an  aqueous  solution  of  egg-albumin  to  the  copper  salt  and  the 
copper  determined  as  oxide  by  simple  ignition,  it  wonld  seem  neces- 
sary lo  make  the  same  deduction  of  1  per  cent,  also  in  this  case, 
which  would  make  Rose's  compound  contain  far  less  CuO  than  found 
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by  Harnack.  Further,  Rose*  found  that  the  serum  of 
yielded  a  similar  compound  with  cuprio  sulphate,  which 
only  rU  per  cent  of  CuO  or  0  86  per  cent,  of  Ou,  He 
would  seem  to  be  little  io  these  earlier  iDvestigationB  to  eul 
the  results  obtained  by  Harnack,  M6rner,f  however,  wof 
alkalialbnmiuate,  found  that  on  precipitating  a  solution  ol 
bnminate  with  cupric  sulphate,  in  the  j>resence  of  an  exc^ai 
he  obtained  a  copper  albuminate  eontaiuing  a  peroeotage 
oxide  corresponding  closely  with  that  found  by  Licberkahn 
on  tbe  other  baud,  he  precipitated  a  nearly  neutral  sohitiOE 
albuminate  wilb  eupric  eulphatej  then  tbe  percentage  of  co^ 
copper  alhuniinate  amoimted  to  only  one-third  that  found  I 
kUbu,  or  an  amount  about  equivalent  to  that  found  by  Hara 
lowest  copper  compounds  Marner  further  found  that  by  ] 
ing  a  calcium  albuminate  solution  with  cuprie  chloride,  the 
ate  combined  on  an  average  with  2  33  per  cent  of  CuO,  or 
half  the  amount  required  by  Lieberkdhu^a  formula,  and  cot 
lees  than  the  amount  contained  in  Ilaruack's  largest  co] 
pounds. 

Preparation  of  iht  alhmnin  miution. — In  our  experim^i: 
thought  best,  as  far  as  possible,  to  avoid  exposing  the  albu 
tbe  action  of  alkalies,  hence  especial  carte  was  taken  U 
the  egg-albumiu  as  free  from  salts  as  possible,  so  that  it  \ 
be  necessary  to  purify  the  albuminate  by  reprecipitation.  1 
of  a  large  number  of  egge  were  finely  divided  by  scisaor 
shaking  with  glass,  then  mixed  with  an  equal  volume  of  \ 
thoroughly  shaken  with  air,  after  which  the  solution  wai 
through  cloth.  Globulin  was  then  precipitated  by  the 
of  dilate  acetic  acid  (the  acid  added  as  long  as  a  { 
formed),  tbe  solution  finally  filtered  through  paper^  after  i 
filtrate  was  made  exactly  neutral  with  sodium  carbonate  i 
filtered.  The  fluid  so  obtained  was  then  dial  y zed  in  vsxvm 
for  many  days,  a  little  thymol  being  added  to  prevent  pn 
The  fluid  finally  obtained  was  perfectly  neutral,  clear  aud 
but  a  small  amount  of  inorganic  salts. 

In  forming  the  albuminate  we  employed  both  eupric  ac 
eupric  sulphate,  using  in  each  case  the  same  volume  of  albf 
tion,  but  varying  the  amount  of  copper  salt  The  eoppet 
generally  added    as   long  as  a   precipitate   formed.     Tbe 


♦  Loc.  ciL,  p.  j:ju. 
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ate  was  washed  on  a  pump  with  water,  until  no  reaction  could  be 
obtained  with  potassium  ferrocyanide  for  copper  or  with  acetic  acid 
and  potassium  ferrocyanide  for  albumin.  The  preparations  were 
dried  at  100*  C,  then  powdered  and  further  dried  at  110°  C,  until  of 
constant  weight.  The  percentage  of  copper  was  first  determined  by 
simple  ignition  and  weighing  as  cupric  oxide.  The  oxide  was  then 
dissolved  in  dilute  nitric  acid,  the  copper  precipitated  as  sulphide  with 
hydrogen  sulphide  and  weighed  as  subsnlphide  by  ignition  in  hydro- 
gen gas  with  a  little  sulphur.  Each  series  was  made  from  a  distinct 
preparation  of  albumin  and  nearly  every  compound  made,  was 
analyzed  in  duplicate. 
Following  are  the  analytical  results  : 


Series  L 
With  CuSO,. 


No. 

la 

h 

Am't  sub.  taken. 
0-5621  gram. 
0-5176 

Wt.  CuO.       Per  cent  Cu. 
0-0081,  gram.    1-18 
0-0078                1-19  . 

Wt.  OuaS.        Per  cent.  Ou 
0-0070  gram.     097 
0-0066               0-98 

With  Cu(C,H.O,),. 

2a 
h 

0-5479 
0-5708 

0-0088               1-27 
0-0091                1-26 

Series  II. 
With  CuSO,. 

0-0078 

1-08 

U 

h 

0-5278  gram. 
0-7075 

0.0067  gram.    1-00 
0-0088               0-98 

With  Cu(C,H.OJ,. 

0-0058  gram. 
0-0068 

0-79 
0-76 

2a 

h 

0-5697 
0-5005 

0-0081                112 
0-0078                1-15 

Series  III. 
With  CuSO,. 

0-0071 
00061 

0-98 
0-95 

U 
h 

0-6285  gram. 
0-6705 

0-0085  gram.    1-07 
0-0091                1-07 

Tri/ACu(C,H.O,),. 

0-0088  gram. 

1.04 

2a 

h 

0-8802 
0-9400 

0-0180               1-24 
0-0151               .1-27 

---- 

.... 
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Sbbibs  IV. 

With  CuSO,. 

Nt).      Amt.  sub.  taken.     Wt  CuO.       Per  cent.  Cu.        Wt.  Cu«S.      Per  cent  Co. 


ft 


0-8621  gram.     0-0047  gram.    1-02 


0-3478 

0-4318 
0-3288 
0-4088 
0-4332 
0-8874 
0-4289 


0-0046 
0-0060 
0-0047 
0-0060 
0-0064 
0-0047 
0-0062 


1- 

1-08 
1-12 
M5 
1-17 
1-09 
1-14 


0-0088  gram. 
0-0039 

0-0040 
0-0038 

0-0047 
00058 

0-0042 
0-0050 


0-82 
0-89 

0-71 
0-78 

0-90 
0-96 

0-97 
0-90 


2a 
b 


WithCn{C,Rfl,),, 


u 

0-6858 

0-0090 

1-11 

0-0078               0-91 

h 

0-5147 

0-0071 

1-08 

0-0064               0-99 

9tt 

0-5821 

0-0075 

1-12 

0-0065                0-95 

i 

0-5125 

0-0078 

M8 

— 

T« 

0-7260 

0-0125 

1-86 

.... 

h 

0-6916 

0-0120 

1-87 

0-0100                115 

Series  V. 

• 

With  CuSO,. 

U 

0-4888  gram. 

0-0083 

gram. 

1-86 

0-0074  gram.    1-21 

With  Cn(C,H,0,),. 


0-5044 
0-5042 


0-0085 
0-0084 


1-32 
1-82 


From  the  analyses  of  these  15  preparations  it  is  to  be  seen  that  the 
percentage  amount  of  metallic  copper,  determined  as  oxide  by  simple 
ignition,  amounts  on  an  average  to  1-17  per  cent.  When,  howe?er, 
the  eopper  is  determined  as  subsulphide,  by  precipitation  with  hydro- 
gen sulphide,  and  thus  obtained  free  from  ash,  the  percentage  amonnt 
of  copper  falls  on  an  average  to  0*94  per  cent.  Cu.  The  preparations 
thus  contain  0-23  per  cent,  of  ash.  We  were  not  able  to  obtain 
any  copper  compounds  with  a  much  smaller  content  of  ash  than  this, 
(jxcept  by  the  use  of  methods  which  appear  to  affect  the  composition 
of  tlt«  compound. 


\ 
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Harnack  states*'  that  he  was  able  to  obtain  the  copper  albuminate 
quite  free  from  ash  by  dissolving  the  freshly  precipitated  albuminate, 
after  it  had  been  thoroughly  washed,  in  sodium  carbonate,  6ltering 
and  reprecipitating  the  compound  by  careful  addition  of  acid.  By 
repeating  this  process  several  times  the  adhering  inorganic  matter 
was  entirely  removed.  It  seemed  questionable,  however,  whether 
this  treatment  might  not  induce  some  alteration  in  the  compound. 

The  two  following  series  of  experiments  were  tried  with  the  inten- 
tion of  throwing  some  light  upon  this  point. 


Series  VL 

With  CuSO,. 

Xo. 
la 

6 

AmH  sub.  taken. 
0-6320  gram. 
0-6080 

Wt  CuO.       Per 
0-0091  gram. 
0-0099 

cent  Ou. 
1-15 
118 

Wt.  CuaS.        Per  cent.  Cu. 
0-0080  gram.    0-99 
0-0086                0-98 

2a 
6 

0-5428 
0-5121 

0-0077 
0-0077 

1-12 
119 

0-0070 
00061 

1-01 
0-95 

8 

0-8146 

0-0080 

208 

0-0068 

1-71 

4a 
h 

0-6105 
0-5886 

With 
0-0085 
00078 

Cu(C.H,0,),. 
1-11 
1-06 

0-0075 
0-0072 

0-96 
0-99 

ha 
h 
6 

0-5996 
0-5592 
0-4189 

0-0087 
0-0082 
0-0181 

1-15 
1-16 
2-51 

00081 
0-0069 
0-0115 

106 
0-99 
2.19 

In  this  series  of  experiments  all  of  the  preparations,  as  before,  were 
made  from  the  purified  albumin.  Nos.  1,  2,  4  and  5  were,  after  pre- 
cipitation, simply  washed  with  water  until  the  washings  gave  no  reac- 
tion either  for  copper  or  albumin.  No.  3,  after  being  washed  in  a 
similar  manner,  was  dissolved  in  very  dilute  sodium  carbonate  and  re- 
precipitated  by  neutralization  with  dilute  hydrochloric  acid.  No.  6 
was  dissolved  up  twice  in  this  manner  and  both  preparations  were 
finally  washed  free  from  chlorine.  A  glance  at  the  analyses  shows 
plainly  that  this  treatment  has  tended  to  increase  the  percentage 
amount  of  copper  in  the  albuminate ;  due,  doubtless,  either  to  with- 
drawal of  a  portion  of  the  albumin  by  the  sodium  carbonate,  or  else 
to  a  partial  dissociation  of  the  compound  by  the  long  continued  wash- 
ing with  water. 

The  first  reprecipitation  has  apparently  increased  the  amount  of 
copper  in  the  compound  fully  0*7  per  cent.,  the  second  reprecipita- 
tion 0*5  per  cent.  more. 


*  Loc.  dt,  p.  202. 
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Series  VII. 

With  CuSO,. 

No.  k.m\  ^^\  taken.  Wt.  CnO.       Per  cent  Cu.        Wt.  CujS.        Per  cent  (Xi. 

la  0  6826  gram.  0  0091  gram.    118 

h  06156  0-0066                1-10 

dtt  04054  0-0081                1-60                0-0068  gram.    1-28 

h  04995  0-0099                1*58                0-0074               119 

^  0  3870  0-0068                1-89                0-0049               l-OS 

h  tJ3702  0-0066                1-40 

With  Cu(C,H,0,),. 
4a  0  6175  0-0085  1-08  0-0074  095 


h 

0-6069 

0-0082 

1-07 

0-0077 

1-00 

m 

03282 

0-0072 

1-78 

0-0055 

1-34 

» 

0'3765 

0-0088 

1-75 



— 

fc 

0-7508 

00182 

1-39 

00104 

110 

h  0-7016  0-0121  1-88 

This  series  was  prepared  in  the  same  manner  as  the  preceding. 
Nob.  1|  3,  4  and  6  were  simply  washed  with  water,  while  No.  2  was 
reprecipitated  once  and  No.  5  twice,  and  both  ultimately  washed  free 
from  all  soluble  matters.  The  results  show  here  the  same  increased 
percentage'  of  copper,  although  not  so  marked  as  in  the  preceding 
series,  when  the  albuminate  is  dissolved  in  sodium  carbonate  and 
reprecipitated.  Further,  the  percentage  of  ash  is  not,  as  a  rule, 
materially  changed  by  this  process;  thus  in  No.  2,  where  the  albu- 
mhmte  wits  reprecipitated  once,  the  difference  in  the  percentage  of 
copper  as  determined  by  simple  ignition  and  by  precipitation  as 
sulphide,  amounts  to  0-37  per  cent.,  while  in  No.  3a,  where  the 
compound  was  not  repreoipited  at  all,  the  difference  is  exactly  the 
aame. 

In  precipitating  the  albuminate,  there  is  formed  in  the  fluid  a 
small  amount  of  either  sulphuric  or  acetic  acid.  Harnack,  to  avoid 
this,  states  that  it  is  better,  after  adding  the  necessary  amount  of  cupric 
^ulphnte  to  the  albumin  solution,  to  exactly  neutralize  the  mixture  with 
sodium  carbonate.  If,  however,  the  greatest  care  is  not  exercised  and 
excess  of  cupric  sulphate  avoided,  even  partial  neutralization  of  the  fluid 
wlI!  reBiilt  in  the  precipitation  of  a  portion  of  the  copper  and  thus 
show  an  apparent  increase  in  the  copper  of  the  albuminate.  So  far, 
howevufj  as  our  results  show,  the  small  amount  of  sulphuric  acid  libera- 
ted iu  the  formation  of  the  albuminate  does  not  affect  the  character 
of  the  coni|K)und.     In  the  following  series,  after  each  precipitation, 
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the  mixture  was  made  as  near  neutral  as  possible  with  dilate  sodium 
carbonate  and  tbe  compounds  then  filtered  and  washed  thoroughly 
with  water.  The  copper  in  this  series  was  determined  simply  by 
ignition. 

Series  VIII. 


With  CuSO,. 

No. 

Am't  sub.  taken. 

Wt  CuO. 

Per  cent.  Cu 

la 

0-4278 i 

^ram. 

0.0068  gram. 

1-26 

h 

0-8867 

0-0068 

1-29 

2a 

0-8167 

0-0049 

1-28 

b 

0-8685 

.  0-0052 

1-18 

da 

0-2418 

00080 

1-00 

.b 

0-8070 

0-0089 

1-00 

ia 

0-6210 

0-0188 

1-78 

h 

0-7091 

0-0158 

1-78 

The  results  plainly  show  no  appreciable  diflference  in  the  composi- 
tioD  of  the  albuminate  under  this  change  in  the  conditions,  unless  in 
No.  4  where  a  larger  amount  of  copper  is  found  than  usual.  It  is  our 
opinion,  however,  that  the  small  amount  of  acid  liberated  by  the  re- 
action is  not  sufficient  to  cause  any  especial  change  in  the  character 
of  the  albuminate ;  neither,  probably,  does  very  dilute  sodium  carbon- 
ate in  itself  change  the  substance  to  such  an  extent  that  on  neutrali- 
zation it  is  not  precipitated  in  nearly  its  original  form,  or  at  least  that 
the  action  in  this  case  is  not  any  greater  than  that  produced  by  water 
alone.  In  fact  we  are  much  inclined  to  the  view  that  the  long  continued 
action  of  water  will  gradually  but  surely  affect  the  composition  of  the 
albuminate,  and  that  doubtless  the  change  in  the  composition  of  the 
compound  noticed  in  our  experiments  on  solution  of  the  substance  in 
Bodiom  carbonate  and  reprecipitation  is  due  to  the  combined  action 
of  the  alkaline  finid  and  of  water.  Harnack  states  that  week-long 
treatment  of  the  freshly  precipitated  albuminate  with  water  will 
gradaally  cause  dissociation  of  the  compound,  but  that  it  can  be  easily 
and  thoroughly  washed  without  any  decomposition  whatever. 

Our  experience,  however,  leads  us  to  question  the  correctness  of 
this  view.  Ordinarily,  it  has  taken  us  an  entire  day  to  completely 
wash  the  freshly  precipitated  albuminate,  so  that  the  wash-water 
fthoald  give  no  reaction  whatever  for  copper  or  albumin.  In  precipi- 
tating the  albumin  solution  with  cupric  sulphate,  the  albumin  never 
appears  to  be  completely  precipitated  and  at  the  same  time,  as  Har- 
nack has  observed,  it  is  necessary  to  add  more  than  the  proportional 
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amount  of  copper  salt  to  obtain  any  separation  of  the  albuminate. 
Ab  a  result,  the  filtrate  contains  considerable  albumin  and  copper,  bot 
evoo  after  several  hours  washing  on  the  pump  (the  filtration  is  slow 
at  the  best)  the  precipitate  still  gives  up  traces  of  albumin,  as  bHowd 
by  acetic  acid  and  potassium  ferrocyanide,  long  after  all  traces  of 
GO|>per  have  disappeared.  It  is  not  impossible  to  wash  the  compoand 
and  reach  a  point  where  the  wash-water  contains  neither  copper  nor 
albiimin,  but  when  the  washing  goes  on  slowly  and  the  water  remains 
more  or  less  in  contact  with  the  albuminate  for  24  hours,  then  fre- 
quently the  washings  will  show  traces  of  albumin  continuously,  with- 
ont  our  being  able  to  reach  a  point  where  the  test  fails  to  give  any 
reaction  whatever,  or  to  shon^  any  special  change  in  the  intensity  of 
the  reaction. 

The  following  series  of  experiments  would  appear  to  substantiau 
this  view.  The  first  sir  were  washed  for  about  twelve  hours,  when 
no  copper  reaction  could  be  obtained  in  the  washings  and  only  the 
sli^^htest  reaction  for  albumin.  The  last  six  were  washed  for  sixteen 
hours,  and  finally  stood  over  night  on  wet  filters  with  more  or  less 
water  on  them.  At  the  end  of  this  time,  the  washings  continued  to 
shi^w  a  reaction  for  albnihin  with  acetic  acid  and  potassium  feno- 
cyunide,  and  indeed  the  reaction  appeared  to  increase  rather  than 
diminish  in  intensity  on  further  washing.  The  washings  coDtained 
no  copper. 

Following  are  the  results  of  the  analyses  : 

Series    IX.— With  CuSO,. 


No. 

Amt.  sub.  taken. 

Wt.  CuO. 

Per  cent.  Cu 

1 

0-4207  gram. 

0-0052  gram. 

0-99 

2 

0-4676 

0-0058 

0-98 

8 

0-4881 

0-0062 

1-00 

4 

0-8162 

0-0087 

0-91 

5 

0-2882 

0-0082 

0-89 

6 

0-1857 

0-0024 

102 

7 

0-2892 

00050 

1-84 

8 

0-4187 

0-0060 

1.18 

9 

0-4077 

0-0060 

1.18 

With  Cu(C,H,OJ,. 


10 

0-6067 

0-0126 

1-64 

11 

0-6889 

0-0111 

1-27 

12 

0-7126 

0-0109 

1-22 
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While  the  difference  is  not  very  great,  it  is  a  constant  difference, 
and  it  is  to  be  remembered  that  the  last  six  compounds  differ  in  no 
respects  whatever  from  the  first  six,  except  in  being  subjected  to  the 
longer  action  of  water. 

In  comparing  now  these  different  results,  it  is  seen  that  we  have 
not  been  able  to  obtain  a  copper  albuminate  with  a  higher  content 
of  Cu  than  2*19  per  cent.,  and  this  only  as  a  result  of  two  reprecipi- 
tations ;  a  condition,  which,  from  our  experience,  tends  to  alter  mate- 
rially the  composition  of  the  original  precipitate.  The  average  of 
the  results  obtained  by  simple  precipitation,  show  a  content  of  0*94 
per  cent,  of  Cu.  A  study  of  the  individual  results,  however,  shows 
too  great  a  variation  to  believe  wholly  in  the  existence  of  a  single, 
stable  copper  albuminate.  Either  there  are  one  or  two  definite  com- 
pounds, which,  being  more  or  less  unstable,  are  prone  to  change  under 
varying  conditions  and  thus  give  rise  to  the  variations  in  the  content 
of  copper  noticed,  or  else  there  are  a  number  of  definite  compoands 
liable  to  be  formed  as  the  conditions  are  varied,  all  of  which,  how- 
ever, must  be  more  or  less  unstable.  Glancing  over  the  individual 
results,  it  is  plain  that  an  amount  of  Cu  approximating  to  0*96  per 
cent,  is  found  altogether  too  frequently  to  be  the  result  of  chance. 
Doubtless  this  figure  represents  most  closely  the  content  of  copper  in 
the  ordinary  copper  albuminate  obtained  by  simple  precipitation, 
while  the  majority  of  the  variations  from  this  figure  are  due  mainly 
to  dissociation. 

Taking  Lieberktlhn's  formula  of  albumin,  the  following  copper 
albuminates  would  be  possible : 

(C7,Hu,N,bSO„),+Cu-H,=1-29  per  cent.  Cu. 

(C7aHnaN,eSO«)4  +  Cu-Ha=0-96    "       ** 

(C„Hn>N,sSO„).  +  Cu-H,=0-77    **      " 

For  the  first,  in  which  Lieberktlhn's  formula  for  albumin  is  treb- 
led, the  percentage  of  copper  corresponds  nearly  to  the  lowest  results 
obtained  by  Hamack,  while  in  the  second  formula  the  percentage  of 
copper  accords  closely  with  the  average  of  our  results.  Whether 
the  weight  of  the  albumin  molecule  is  represented  more  nearly 
by  the  second  formula  than  by  the  first  we  have  not  sufficient  data  to 
determine,  but  certainly  our  results  with  the  copper  albuminate  show 
a  lower  percentage  of  copper  than  would  correspond  with  the  first 
formula.  Further,  it  would  appear  that  the  copper  albuminates  are 
readily  prone  to  change  under  slight  provocation  and  that  this  point, 
in  part,  undoubtedly  explains  the  reason  for  the  great  variation  in 
the  results  obtained  by  so  many  workers. 
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(b)   Zead  Compounds, 

Lieberlttihn*  states  that  the  lead  salt  of  albumin  cannot  be  obtained 
pure;  tbat  the  insoluable  precipitate  formed  by  the  addition  of  either 
lead  nitrate  or  basic  lead  acetate  to  a  solution  of  albumin,  is  simply  a 
mixture.  With  basic  lead  acetate,  Lieberkahn  obtained  a  precipitate 
containing  17*86  per  cent  of  lead  oxide,  while  the  precipitate  formed 
with  lead  nitrate  contained  12*78  per  cent,  of  lead  oxide. 

With  protein,  Mulderf  obtained  precipitates  on  the  addition  of 
neutral  lead  acetate  and  lead  nitrate,  which  contained  respectively 
V2*45  and  12.68  per  cent,  of  lead  oxide,  while  basic  lead  acetate  gave 
a  procipifcate  containing  30*63  per  cent,  of  lead  oxide.  BeraeliosJ 
states  that  neutral  lead  acetate  precipitates  both  albumin  and  blood 
serum,  but  that  the  greater  portion  of  the  albumin  remains  dissolved 
in  the  fluid  united  with  acetic  acid.  Basic  lead  acetate  on  the  other 
hand  precipitates  the  albumin  completely. 

These  last  statements  accord  with  our  own  results;  with  a  neutral 
lead  salt  only  a  small  precipitate  was  obtained,  the  compound  being 
soluble  apparently  in  both  excess  of  the  lead  salt  and  of  albumin, 
while  with  basic  lead  acetate  the  albumin  seemed  completely  precipi- 
tated. 

Further,  Berzelius||  states,  on  the  authority  of  Mulder,  that  if  a 
solution  of  potassium  albuminate  be  made  as  neutral  as  possible  with 
acetic  anid  and  then  precipitated  with  lead  nitrate,  the  lead  albo- 
minate  eo  obtained  contains  on  thorough  drying  5*84  per  cent  of 
lead  oxide. 

Following  are  some  of  the  results  of  our  analyses.  The  compounds 
were  made  from  thoroughly  dialyzed  albumin  and  were  washed  free 
from  both  lead  and  any  excess  of  albumin.  The  preparations  were 
dried  at  110°  C.  until  of  constant  weight  and  the  lead  was  deter- 
mined iirst  by  simple  ignition,  with  addition  of  a  little  ammonium 
nitrate.  The  lead  oxide,  after  being  weighed,  was  then  dissolved  in 
dilute  nitric  acid,  the  solution  evaporated  to  a  small  volume,  the  lead 
precipitated  with  a  little  sulphuric  acid,  two  volumes  of  alcohol  added, 
and  thu  lead  sulphate  finally  filtered  and  washed  with  95  per  cent 
alcohol  The  sulphate  was  then  ignited  with  proper  precautions  and 
froiti  the  weight  obtained,  the  percentage  of  lead  again  calculated. 


*  roggendtirflTs  Annalen,  Band  Ixxxvi,  p.  124. 

f  LeUrbuoh  d©r  Chemie,  Beraelius,  Ix,  p.  29.      J  Lehrbuch  der  Chemte,  ix,  p.  43. 

I  r^hrbuehj  ix,  p.  49. 
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Series   I. 

With  neutral  lead  acetate. 
No.    Amt  Sub.  taken.      Wt  PbO.        Per  cent  Pb.      Wt.  PbS04.      Per  cent.  Pb. 
la  0-4972  gram.    0-0188  gram.    8*49  0  0209  gram.    2-85 

h  0-8992  0-0150  848  00166  2-88 

Series   II. 

With  neutral  lead  acetate. 

la  0-5341  00188  816  00216  2-75 

6  0-5881  0-0198  840  0-0222  2*80 


With  basic  lead  acetate. 


la 

0-5882 

00460                7-80 

0-0580 

b 

0-5008 

00891                7-22 
Series   III. 

0-0487 

• 

With  neutrcU  lead  acetate 

la 

0-8057 

0-0262               8-01 

0-0274 

h 

0-6522 

00211                2-98 
With  basic  lead  acetate. 

0-0226 

\a 

0-7290 

00598                7-55 

0-0615 

b 

0-7680 

0-0681                7-66 

0-0609 

6-77 
6-62 


2-82 
2-86 


5-74 
5-45 


Series   IV. 

With  neutral  lead  acetate, 

la  0-4121  0-0152  842  00186  226 

b  0-4828  0-0176  8-87  0-0178  2-50 

With  basic  lead  acetate, 

2a  0-7284  00661  8-84  

b  0-5366  0-0482  8-88  

Series  V. 

With  a  large  excess  of  basic  lead  acetate, 

la  0-6822  0-2119  2881  

b  0-5429  0-1714  29-28  

2a  0-5886  0-1928  30-56  

b  0-5918  01960  80-76  

8a  0-5478  01896  82-11  

b  0-5427  0-1878  82-02  .'... 

TiAKa  Cons.  Acad.,  Vol.  VII.    40  Nov.,  1880. 
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Tliese  results  plainly  indicate  that  more  than  one  compound  of 
lead  is  formed,  especially  so  with  basic  lead  acetate,  the  compositioD 
being  dependent  in  this  case  on  the  amount  of  lead  salt  added.  With 
neutral  lead  acetate,  the  variations  in  composition  are  not  so  marked 
and  H8  it  is  hardly  possible  to  prepare  a  lead  albuminate  free  from 
Bfilis,  or  to  eliminate  them  wholly  in  the  calculations,  it  is  questioo- 
able  how  far  the  results  should  be  trusted,  except  in  a  general  way. 

The  formula  (C„H,,,N,,SO„),-(-Pb-H,  would  require  310  per 
cent.  Pb,  while  (C„H„,N,,SO„)^-f  Pb  — H,  would  require  2-50  per 
cent.  Pb.  In  the  case  of  the  albuminate  formed  with  basic  lead 
acetate,  it  is  to  be  noticed  that  the  compound  made  by  the  addition 
of  a  large  excess  of  the  lead  salt,  contains  about  five  times  as  much 
lead  as  the  ordinary  basic  lead  compounds. 

(c)   Iron   Compounds, 

F,  Rose*  has  made  iron  albuminate,  both  from  egg-albumin  and 
from  the  serum  of  ox-blood,  by  the  simple  addition  of  ferric phloride 
to  the  albumin  solution.  Two  preparations  made  from  egg-albumin 
ylolded  respectively  2*79  and  2  88  per  cent,  of  ferric  oxide.  Ros? 
foinid  the  albuminate,  when  freshly  precipitated,  easily  soluble  both 
in  excess  of  ferric  chloride  and  in  excess  of  the  albumin  solution. 

Our  preparations  were  made  wholly  from  dialyzed  albumin,  and 
when  so  prepared  and  thoroughly  washed  the  compound  was  found 
almost  wholly  free  from  adhering  salts,  so  much  so  that  after  a 
few  trials  we  deemed  it  unnecessary  to  make  the  determinations 
of  iron  other  than  by  simple  ignition  and  weighing  as  ferric 
oxide. 

Following  are  some  of  our  results : 

Series   I. 
With  Fe,Cl,. 

No.         Arat.  sub.  taken.  Wt.  FeaOs-        Per  cent.  Fe«Os.     Per  ceot  Fe. 

la  0-7088  gram.        OOOWgram.         1-88  0-93 

6  0-6430  00086  1-83  O-W 


« 

Series   II. 

1& 

0-4683 

0-0053 

Ml 

0-76 

5 

0-3854 

0-0042 

1-08 

0-75 

*  Po^rgendorff 's  Annalen,  xxviii,  p.  140,  1833. 
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Sbeieb  m. 

No. 

Amt.  Bub.  taken. 

Wt  Fe,0,. 

Per  cent.  FeaO,. 

Per  cent  Fe. 

la 

0-4710 

0-0071 

1-50 

1-04 

h 

0-5829 

0-0088 

1-55 

1-08 

2a 

0-7887 

0-0100 

1-36 

0-94 

b 

0-6855 

0-0087 
Series  IV. 

1-36 

0-94 

\a 

0-4862 

00068 

1-30^ 

0-90 

h 

0-5558 

0-0073 

1-31 

0-91 

2a 

0-5115 

0-0070 

1-36 

0-95 

h 

0-4954 

0-0066 

1-33 

0-92 

da 

0-4506 

0-0068 

1-39 

0-97 

b 

0-4610 

0-0066 

1-43 

0-99 

4a 

0-4817 

0-0071 

1-47 

1-01 

b 

0-4571 

0-0065 

1-44 

0-98 

5a 

0-4819 

0-0065 

1-84 

0-93 

b 

0-3846 

00051 

1-33 

0-98 

6a 

0-4086 

0-0059 

1-45 

1-00 

b 

0-8892 

0-0048 

1-41 

0-97 

la 

0-3814 

0-0050 

1-32 

0-91 

b 

0-4107 

0-0058 

1-29 

0-90 

8a 

0-4452 

0-0058 

1-30 

0-91 

b 

0-4888 

0-0065 

1-84 

0-92 

These  resalts  show  a  fairly  close  agreement  with  one  single  excep- 
tion, in  which  case  the  percentage  of  iron  is  nearly  0-25  below  the 
average.  The  average  percentage,  moreover,  of  ferric  oxide  is  just 
about  one-half  that  found  by  Rose.  Further,  the  average  percentage 
of  iron  (Fe)  corresponds  very  closely  with  the  average  percentage  of 
Cu  b  the  copper  albuminate.  Eliminating  one  compound  with  only 
0*75  per  cent,  of  iron,  the  average  content  is  seen  to  be  095  per  cent. 

(C„H,„N,eSO„)«  +  Fe-H,=:0-86  per  cent.  Fe. 
(C,aHn,N,eSOaa)3  +  Fe-H8=l-14  per  cent.  Fe. 

As  the  iron  was  determined  by  simple  ignition  it  would  be  ex- 
pected that  the  amount  found  would  exceed  the  theoretical  amount 
somewhat;  hence  the  first  formula,  assuming  Lieberktthn's  formula 
to  be  correct,  would  be  more  closely  in  accord  with  our  results.  The 
results  obtained  indicate  further,  that  the  iron  albuminate  is  a  much 
more  stable  compound  than  the  copper  albuminate,  less  liable  to 
change  and  less  readily  affected  by  water. 
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(d)   Zinc  Compounds, 

With  xinc  we  made  but  a  few  experiments  and  those  mainly  to  see 
whether  the  low  percentage  of  iron  found  in  the  iron  albuminate 
would  hi^  euhstantiated  by  a  corresponding  percentage  of  zinc  in  the 
xiric  alhuminate.  LieberkQhn  has  prepared  and  analyzed  a  lioc 
alburaitiate,  made  by  the  action  of  zinc  sulphate  on  a  neutral  solu- 
tion of  alkali  albuminate,  and  he  found  the  compound  to  contain  4*66 
pi?r  cont,  of  zinc  oxide. 

Our  preparations  were  made  by  the  action  of  a  similar  zinc  salt  on 
a  solution  of  purified  and  dialyzed  albumin.  Following  are  the 
rt^milts  tibtuined  with  two  preparations  made  from  two  distinct  lots 
of  albumin  : 

No.         Amt  sub.  taken.  Wt.  ZnO.         Per  cent.  ZnO.       Per  cent  Zn. 

la  0-2424  gram.        0  0031  gram.         1-27  0*W 

h  0-2838  00084  121  O-IW 

2a  0-2166  0-0028  1-06  0-83 

h  0-2854  0-0025  108  0*86 

The  nvt^rage  of  these  two  results  shows  a  composition  proportional 
to  thiit  ftmmi  in  the  case  of  the  iron  albuminate  and  suggests  plainly 
that  if  we  have  to  deal  in  these  cases  with  a  single  albuminate  of 
constant  composition,  the  percentage  amount  of  metal  is  much 
smaller  than  formerly  was  supposed. 

Further,  the  percentage  of  zinc  found  accords  closely  with  the 
theoretical  amount  for  a  zinc  albuminate  formed  on  the  type  of  the 
copper  compound. 

tC7»H,iaN,eSOM)4+Zn-Ha=0-99  per  cent  Zn. 

(e)    Uranium   Compounds. 

N.  Kowaluwsky*  has  recently  called  attention  to  the  use  of  urank 
or  unmyl  jiutaate  as  a  reagent  for  albuminous  matter,  and  has  shown 
that  it  IB  not  only  a  good  precipitant  of  albumin  at  ordinary  temper- 
aiureSj  but  also  that  it  is  an  extremely  delicate  one.  Further, 
Kowaluwsky  states  that  the  uranyl-albumin  compound  on  ignition 
k«avca  a  litirk,  olive  green  ash,  composed  of  the  green  uranoso-urank 
oxMl*,  r^C^.  A  determination  of  the  amount  of  this  ash  in  several 
prt'paration^  showed  12-09  to  13*4  per  cent.,  presumably  of  U^O^. 


*  RBsigWHiU'eH  Uranoxyd,  ein  Reagens  auf  Albuminatoffe.     Zeitschrift  for  Analj- 
tjich©  Chemic,  18ti5,  p.  651. 
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Oar  preparations  were  made  by  adding  uranyl  nitrate  to  the  pre- 
pared albumin  solution  and  washing  the  precipitated  albuminate 
antil  all  excess  of  uranium  was  removed.  The  uranium  in  the  dried 
preparation  was  determined  as  uranoso-uranic  oxide  (U,0  J  by  simple 
ignition.  The  results  show  a  fairly  close  agreement,  but  they  are 
andoubtedly  somewhat  too  high,  owing  to  a  small  amount  of 
adherent  ash. 


With  UO,(NO,),. 

No. 

la 

b 

Amt.  sub.  taken.          Wt  U,0«.         Per  cent.  UjOs. 
0-5980  gram.        00324  gram.         6*41 
0-5193                    0-0281                    5-41 

Per  cent  U 
4-59 
4-59 

2a 
h 

0-8219 
0-8081 

0-0428 
0-0418 

5-20 
5-17 

4-41 
4-38 

8a 
h 

0-4392 
0-5830 

0-0251 
00303 

5-71 
5-68 

4-84 
4-81 

Aa 
b 

0-8183 
0-7576 

0-0427 
00394 

5-22 
5-20 

4-43 
4-41 

5 

0-6985 

00367 

5-25 

4-46 

6a 
b 

0-4269 
0-5496 

0-0247 
0-0313 

5-78 
5-70 

4-90 
4-83 

These  results  plainly  do  not  accord  at  all  with  Kowalewsky's.  On 
the  other  hand  they  do  agree  fairly  well  with  each  other,  and  would 
seem  to  indicate  a  reasonably  constant  composition  of  the  uranyl- 
albomin  precipitate. 

The  average  of  the  results  obtained,  accords  most  closely  with  the 
formula 

(C„HntN,eSO„),  +  U-H. 

which  requires  4 -73  per  cent.  U. 

(f )  Mercury  compounds. 

By  the  addition  of  an  excess  of  mercuric  chloride  solution  to 
an  aqueous  solution  of  egg-albumin,  an  albuminate  of  mercury  is 
formed,  insoluble  in  excess  of  the  mercury  salt.  The  compound  can 
be  easily  filtered  and  admits  of  thorough  washing  with  water.  Rose 
first  proved  that  the  precipitate  formed  as  above,  is  a  compound  of 
mercory  with  albumin,  instead  of  a  compound  of  the  mercury  salt 
with  albumin  as  supposed  by  Bostock  and  Orfila. 

We  have  made  a  few  preparations  of  the  albuminate  by  adding  a 
moderately  strong  aqueous  solution  of  mercuric  chloride  to  portions 
of  the  dialyzed  albumin  solution  and  washing  the  precipitates 
thoroughly  with  water.     The  mercury  in  the  albuminate  was  deter- 
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mined  by  ignition  in  a  combustion  tube  with  quick  lime,  with  a  pos- 
terior layer  of  calcium  carbonate  and  sodium  bicarbonate.* 

The  merenry  distilled,  was  collected  in  water  and  after  thorough 
washiDg  with  alcohol  to  remove  hydrocarbons,  etc.,  was  dried  and 
weighed. 

Following  are  the  results  of  our  analyses  of  the  several  prepara- 
tions made. 


No. 

Amt.  Sub. 

taken. 

Wt.  Hg. 

Per  cent  Hg 

la 

0-8050  gram. 

0-0226  gram. 

2-80 

b 

0-8782 

0-0274 

3-18 

3a 

0-7637 

0-0215 

2-82 

b 

0-7357 

0-0201 

2-73 

:ta 

0-5088 

0-0150 

2-96 

b 

0-6261 

0-0167 

2-66 

4a 

0-9152 

00300 

8-38 

b 

0-8603 

0-0270 

3-17 

rnj 

0-8492 

0-0218 

2-56 

b 

0-8610 

0-0237 

2-75 

ea 

0-9674 

0-0284 

2-93 

Tile  average  content  of  mercury  is  2*89  per  cent.  The  theoretical 
amount  ibr  (C„H„,N,^SO„),  +  Hg— H,  is  3-00  per  cent. 

(g)  Silver  compounds. 

Silver  nitrate  is  a  well  known  precipitant  of  albumin,  and  Lieber- 
k(ihn,f  m^tny  years  ago,  assigned  to  silver  albuminate  a  definite 
form Q la,  i^alling  for  6*67  per  cent,  of  silver  oxide.  The  preparatioo 
made  by  liim  from  egg-albumin  was  found  to  contain  6*55  percent 
of  silver  oxide  =  to  6*27  per  cent,  of  Ag.  Mulder, J  likewise,  work- 
lug  with  iilkali-albuminate,  found  that  by  neutralizing  the  solation 
as  nearly  aa  possible  with  acetic  acid,  and  then  precipitating  with 
silver  nitrate,  the  silver  albuminate  so  prepared  contained  6*14  per 
cent,  of  sil  ver  oxide. 

Fuf'lisji,  using  ordinary  egg-albumin  instead  of  alkali-albuminat^, 
found  only  half  as  much  silver  (3*28  per  cent.  Ag),  while  O.  Loew,| 
working  wiLli  purified  egg-albumin,  found  still  smaller  percentage 
of    silver   in   the   albuminate   made   by   him.      Using    an   albamin 


*  See  FfPst^Dius,  Quantitative  Chemical  Analysis. 

f  Poggpodorff'a  Annalen,  1852,  vol.  clxii,  p.   123. 

%  St3u  hLirzcUiiH'  Lohrbuch  der  Chemie,  vol,  ix,  p.  49. 

^  Anniik^i  d.  chein.  u.  Pharm.,  Band  ell,  p.  372. 

I  Plitigk^r  »  4ri?hiv  fur  Phyaiologie,  Band  xxxi,  p.  393 ;  Ueber  Eiweiss  und  Peptofl 
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solution  purified  simply  by  three  days'  dialysis,  Loew  found  that  a 
1  per  cent,  solution  of  silver  nitrate  gave  no  precipitate  whatever 
in  a  5  per  cent,  solution  of  albumin.  On  adding  a  little  dilute 
solphanc  acid  to  the  albumin  solution,  however,  and  then  pouring 
the  mixture  into  the  silver  solution  a  precipitate  was  obtained, 
which  on  thorough  washing  and  drying  was  found  to  contain  2*17 
per  cent,  of  Ag;  while  a  second  preparation  made  by  using  a  little 
less  Bolphuric  acid  contained  2 '40  per  cent,  of  Ag.  By  precipitat- 
ing the  albumin  solution  directly  with  a  5  per  cent,  solution  of  silver 
nitrate,  without  the  addition  of  any  acid,  the  albuminate  was  found 
to  contain  in  one  case  4*39  per  cent.  Ag,  in  a  second  case  3-91 
per  cent.  Ag,  Dissolving  the  freshly  precipitated  albuminate  formed 
in  thb  manner,  in  dilute  ammonia  and  then  reprecipitating  it  by  the 
addition  of  dilute  sulphuric  acid  to  slight  acid  reaction,  the  albumin- 
ate was  found  to  contain  4-64  per  cent,  of  Ag. 

Loew  sees  in  these  results  a  confirmation  of  Harnack's  views  as  to 
the  copper  albuminates,  and  an  assurance  that  the  molecular  weight  of 
albumin  corresponds  to  Lieberktlhn's  formula  three  times  enlarged. 

Using  an  albumin  solution  purified  as  in  our  previous  experiments 
and  adding  to  it  a  10  per  cent,  solution  of  silver  nitrate  as  long  as  a 
precipitate  was  formed,  four  distinct  series  of  albuminates  were  made* 
representing  four  distinct  preparations  of  egg-albumin.  These  were 
all  washed  free  fiom  silver  and  also  from  any  adhering  albumin,  dried 
at  110**  C.  until  of  constant  weight  and  the  silver  determined  by 
nmple  ignition. 

Series  I. 


No. 

la 

h 

Amt.  Sub.  taken. 
0-5900  gram. 
0-5625 

Wt.  Ag. 
00242  gram. 
0-0280 

Per  cent  Ag. 
4-10 
4-08 

2a 
b 

0-5760 
0-7548 

0-0280 
0-0806 

4-11 
4-04 

Za 
b 

0-9005 
0*7973 

Series 

0-0862 
0-0826 

11. 

4-02 

4-07 

b 

0-5859 
0-6967 

00245 
0-0290 

4-18 
4-16 

2a 
b 

0-9478 
0-6621 

0-0885 
0-0270 

4-06 
4-07 

3a 
b 

0-6455 
0-7000 

0-0266 
0-0285 

4-12 
4-07 

The  silver  compounds  were  all  made  and  analyzed  by  Mr.  T.  S.  Bronson  of  this 
laboratory. 
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Sbribs  III. 

lei 

0-5880 

0-0239 

4-07 

b 

0*6949 

0-0284 

4-08 

M 

0-7090 

0-0290 

4-09 

h 

0-9a58 

0-0874 

4-13 

da 

0-5980 

0-0247 

413 

b 

0-8000 

Series 

00828 
IV. 

4-10 

\a 

0-6217 

0-0300 

4-88 

b 

0-6810 

00331 

4-86 

241 

0-5509 

00270 

4-90 

h 

0-5626 

0-0278 

4-86 

•Aa 

0-6955 

0-0896 

5-69 

b 

0-7515 

0-0480 

5-72 

r 


The  figures  show  a  far  smaller  content  of  silver  in  all  of  the  prep- 
aratious  than  found  by  Lieberktlhn  or  Mulder.  In  three  of  the 
seriesi,  there  is  seen  a  constancy  of  composition  which  is  quite  notice- 
able anil,  farther,  a  close  agreement  with  the  second  result  obtained 
by  Loew  on  adding  a  5  per  cent,  solution  of  silver  nitrate  to  the 
albumin.  In  the  last  series,  however,  the  percentage  of  silver  is 
somewhat  higher,  possibly  owing  to  incomplete  dialysis  of  the 
chlondeB  and  phosphates  from  the  albumin  solution.  These  figures, 
however,  are  not  much  higher  than  the  highest  figures  obtained  by 
Loew. 

A  silver  salt  of  albumin,  of  the  composition  (C„H,j,N,^OJ, 
-f  Ag,,— LI,  would  contain  4*28  per  cent,  of  Ag,  and  while  our  resolt.^ 
certainly  approximate  to  this  figure,  there  is  variation  enough  to 
indicate  an  equal  possibility  of  a  mixture  of  two  or  more  com- 
pounds- With  a  molecule  of  the  size  of  the  albumin  molecule,  it  is 
possible  by  doubling  or  otherwise,  to  obtain  a  formula  corresponding 
to  almot^t  any  percentage  of  metal  found.  And  inasmuch  as  evenr 
variation*  in  the  method  of  preparing  the  albuminate  tends  to  alt«r 
its  composition,  it  seems  worse  than  useless  at  present,  to  lay  moch 
stress  on  the  exact  constitution  of  the  silver  albuminate.  A  large 
number  of  albuminates  are  of  course  possible,  but  until  we  know 
more  definitely  how  to  separate  one  from  another,  we  have  no  guaran- 
tee of  the  4mple  nature  of  any  one. 


*  Loew  ttotes  that  he  has  prepared  a  silver  albuminate  coDtainiDg  10*7  per  cat 
Ag,  eotre^pOTKiing  nearly  to  6  atoms  of  silver,  and  that  it  is  possible  to  prepare  ilbom- 
I  rttill  riuher  in  silver. 
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EzaminiDg  now,  all  of  the  resalts  obtained,  we  find  the  following 
aFerage  composition  of  the  albuminates  studied  : 


Ck)pper  compound. 

0-94  per 

cent. 

Cu 

Iron  compound, 

0-95    " 

Fe* 

2anc  compound, 

0-91    " 

Zn 

Lead  (neutral  salt)  compound. 

2-56    ** 

Pb 

Uranyl  compound, 

4-60    " 

U 

Silver  compound, 

4-09    ** 

Agt 

Mercury  compound, 

2-89    " 

Hg 

0-86 

*         Fe 

0-99 

'*        Zn 

2-50 

Pb 

4-78 

U 

4-28 

<         Ag 

3-00 

*         Hg 

Accepting  Lieberktlbn's  formula  of  albumin  as  correct,  then  the 
following  formulie  accord  most  closely  with  the  above  percentages. 

(CiaHiiaNigSOiOi+Cu-Ha  requires  0*96  per  cent.  Cu 

(C„Hn  ,N,  iflO„),  +  Fe~H, 

(Ct,H,„N„S0„)4  +  Zn-H,  * 

(C„H,„N,8SO„).  +  Pb-H,  * 

(Ct.Hn  ,N,  ^0„),  +  U- H« 

(CaH,  uNibSO,,),  +  Ag.-H,  • 

(CT,Hi„N,30„)4  +  Hg-Ha  * 

We  do  not,  however,  lay  much  stress  upon  the  accuracy  of  these 
formulie.  The  results  obtained  in  our  study  of  these  metallic  com- 
poands  do  by  chance  accord  with  them,  and  inasmuch  as  Loew  and 
Harnack  are  disposed  to  treble  Lieberktthn's  formula  for  albumin,  on 
Ibe  basis  of  the  composition  of  the  copper  and  silver  albuminates, 
made  by  them  respectively,  we  present  our  results  as  evidence  that 
there  are  equally  good  grounds  for  quadrupling  the  above  formula. 

We  believe,  however,  that  with  the  majority  of  these  albuminates 
it  is  possible  to  form  a  large  variety  of  compounds  with  the  same 
metal,  by  simply  modifying  the  conditions  of  precipitation.  This  is 
eYidenced  by  Loew's  results  with  silver  albuminate  and  our  own 
with  lead  and  copper,  and  since  a  great  variety  of  compounds  are 
possible,  it  is  equally  possible  that  in  many  cases  we  may  have  to  do 
with  mixtures  of  such  compounds,  which  would  account  for  the  great 
variability  in  composition  noticed  in  some  of  the  albuminates  and 
for  the  lack  of  agreement  in  the  results  obtained  by  different  workers. 
Coupled  with  this,  in  some  cases,  is  the  undoubted  tendency  of  the 
compounds  to  dissociation. 

11.  Myosin, 

The  myosin  employed  was  prepared  from  ox  flesh,  by  extraction 
with  a  15  per  cent,  solution  of  ammonium  chloride,  after  the  tissue 


*■  Excepting  one  very  low  result.  f  Kxoepting  the  last  series  of  compounds. 

Trass.  Cosn.  Acad.,  Vol.  VII.    41  Nov.,  1886. 


322  Chittenden  cmd  Whitehouse — Metallic 

had  been  thoroughly  freed  from  salts  and  soluble  albumiD  by  long 
continued  extraction  with  water.  The  myosin  was  separated  from  the 
ammonium  chloride  solution  by  dialysis,  being  obtained  in  this  mao- 
ner  as  a  semi-gelatinous  mass,  readily  soluble  in  salt  solutions.  In 
order  to  form  compounds  with  the  various  metals,  it  was  found  best 
to  use  a  solution  of  myosin  in  5  per  cent,  ammonium  chloride,  the 
metallit*'  compound  when  formed  being  washed  with  water  until  the 
washings  gave  no  reaction  for  chlorine  with  silver  nitrate.  The  com- 
pounds were  then  dried,  first  at  100°  C,  then  at  110°  C,  until  of 
constant  weight.  Control  experiments  with  the  metallic  salt  and 
ammonium  chloride  alone,  invariably  failed  to  give  any  precipitate 
whatever. 

No  systematic  attempt  has  apparently  been  made  to  study  any  of 
the  metallic  compounds  of  myosin ;  in  fact,  few  statements  are  to^ 
found  regarding  the  existence  of  such  compounds.      Danilewsky* 
some  time  ago,  showed  that  myosin  would  combine  with  free  mineral 
acids,  uniting  with  them  so  that  with  tropteolin  00  no  reaction  for 
free  acid  could  be  obtained.     With  strong  bases,  however,  according 
to  Danilewsky,  myosin  does  not  probably  combine,  and  the  state- 
ment is  further  made  that  a  small  amount  of  calcium  oxide  ordinarily 
exists  loosely  combined  with  myosin,  which  calcium  by  coagulation 
of  the  myosin   is   liberated.     Further,  Danilewsky   found  that  on 
adding  platinum  chloride  in  excess,  to  a  dilute  hydrochloric  acid 
solution  of  myosin,  a  myosin-platinum  chloride  compound  was  pre 
cipitated,  which  after  washing  with   water  and  alcohol  and  then 
drying  at  100-105**  C,  contained  9*46  per  cent,  of  platinum  and  "ri^ 
per  cent,  of  chlorine.     With  copper,  iron  and  similar  salts  we  have 
not  been  able  to  obtain  any  precipitate  in  a  hydrochloric  acid  sola* 
tjon  of  myosin.     By  adding,  however,  a  solution  of  a  metallic  salt 
of  such  a  nature  that  it  does  not  react  with  ammonium  chloride, 
to  an  ammonium  chloride  solution  of  myosin,  a  precipitate  is  pro- 
duced, which  as  our  experiments  show,  is  ordinarily  a  compound  of 
myosin   with   the   metal   or   metallic   oxide.     This   ts   readily  seen 
by  adding  either  zinc  sulphate  or  ferric  chloride  to  such  a  solution 
of  myosin  and  then  washing  the  precipitates  with  water,  until  the 
washings  give  no  reaction  for  chlorine  or  for  sulphuric  acid.    On 
now  warming  the  iron  precipitate  with  dilute  nitric  acid,  a  sola- 
tion  will  be  obtained,  giving  a  distinct  iron  reaction  but  no  reaction 
with  silver  nitrate  for  chlorine.     Similarly  on  warming  the  zinc  pre- 

*  ZeiiBchrift  fiir  physiolognsclie  Chemie,  v,  p.  160. 
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cipitate  with    hydrochloric  acid,  the  solution  gives  no  reaction  for 
sulpharic  acid  with  bariam  chloride. 

With  cupric  sulphate  and  cnpric  acetate  the  same  is  ordinarily 
true.  It  is  possible,  however,  to  prepare  a  myosin-copper  compound 
in  which  cupric  sulphate  appeai*s  to  unite  directly  with  the  myosin. 

(a.)   Copper  compounds. 

By  adding  either  cnpric  sulphate  or  cupric  acetate  to  a  neutral 
ammonium  chloride  solution  of  myosin,  a  heavy  greenish  colored 
precipitate  is  obtained,  which  when  freshly  formed  and  after  thor- 
ough washing  with  water,  so  that  the  washings  are  entirely  free 
from  chlorine  and  from  copper,  shows  the  following  reactions.  It  is 
insoluble  in  moderately  strong  nitric,  hydrochloric  or  sulphuric  acid. 
The  compound,  however,  is  immediately  broken  up  by  the  action  of 
adds,  the  copper  being  completely  removed,  leaving  the  myosin  as  an 
insoluble  residue  having  in  the  case  of  nitric  acid  a  yellow  color,  and 
in  the  case  of  hydrochloric  and  sulphuric  acids  a  white  color.  In  acetic 
acid,  the  compound  is  more  soluble,  first,  however,  becoming  semi- 
gelatinous.  In  ammonium  hydroxide,  the  compound  dissolves  slowly 
or  partially,  taking  on  a  blue  color.  In  dilute  sodium  hydroxide,  the 
compound  swells  up,  takes  on  a  purple  color,  but  does  not  dissolve. 
In  dilute  sodium  carbonate,  the  substance  is  likewise  insoluble,  but 
swells  up  and  turns  of  a  bluish  color. 

Following  are  the  results  of  the  analyses  of  the  various  prepara- 
tions made.  The  compounds  were  in  every  case  composed  simply  of 
the  metallic  oxide  and  myosin.  Copper  was  determined,  as  in  the  case 
of  the  albumin  compounds,  by  simple  ignition  and  weighing  as  oxide. 
In  order  to  ascertain  how  much  ash  was  retained  by  the  myosin 
compound,  a  few  duplicate  determinations  of  copper  were  made  by 
dissolving  the  oxide  after  ignition,  and  precipitating  the  copper  as 
sulphide  and  weighing  as  snbsulphide,  after  ignition  with  a  little 
pure  sulphur  in  a  current  of  hydrogen  gas. 


SERIBi 

*  I. 

With  CuSO,. 

la 
h 

Amt  Sob. 
taken. 

0*5426  gram. 

0-7176 

Wt  GuO. 
00074  gram. 
0-0097 

Per  cent 
(X 
1-08 
1-07 

Wt  OuaS. 
00056  gram. 
0-0078 

Per  cent 
Cu. 

0-81 
0-80 

2a 
h 

0-6859 
0-5788 

0-0087 
0-0078 

1-08 
1-08 

0-0071 
0-0061 

0-88 
0-88 

324  Chittenden  and  Whitehouse — Metallic 


No. 
h 

Amt.  Sub. 
taken. 

0-5428  gram. 

0-6241 

Per  cent. 
Wt.  CuO.               Cu.         Wt.  Cu,S. 
0-0072  gram. '       1-05       0-0051  gram 
0-0082                    1-05        0-0068 

Percent 
Cu. 

0-78 
0-80 

4ft 

0-5771 
0-4456 

0-0109 
0-0081 

1-50 
1-48 

h 

0-8527 

0-0046 

1-02 

h 

0-4401 
0-5708 

0-0062 
0-0082     • 

Sebies  II 

1-11 
1-13 

With  CuSO,. 

No. 
b 

Amt.  Sub.  taken. 
0-7425  gram 
0-7468 

Wt.  CuO. 
0-0059  gram. 
0-0060 

Per  cent  CuO. 
0-79 
0-81 

Per  cent  Gl 
0« 
0-64 

0-7785 
0-7767 

0-0057 
00056 

0-78 
0-72 

0-57 
0-58 

da 
b 

0-5488 
0-4836 

0-0052 
0-0041 

0-94 
0-94 

0-74 
0-78 

4ci 
b 

0-9477 
0-8150 

0-0085 
0-0074 

0-89 
0-91 

0-74 
0-78 

5fi 

6 

0-8522 
0-8466 

With  Cu(C,H.O,),. 

00188 
0-0188 

1-56 
1-62 

1-84 
l-» 

b 

0-6589 
0-6572 

0-0124 
0-0128 

1-88 
1-87 

1-50 
1-50 

la 
b 

0-8678 
0-7120 

0-0156 
0-0129 

1-79 
1-81 

1-42 
1-44 

Series  III. 

With  CuSO,. 

Kg. 
Lcr 

Amt.  Sub.  taken. 
0-7218  gram. 
0-6684 

Wt.  CuO. 
00171  gram. 
0-0161 

Per  cent.  CuO. 
2-37 
2-44 

Per  cent.  Ca. 
1-88 
1-94 

0-7564 
0-6817 

0-0168 
0-0156 

2-22 
2-29 

1-77 
1-88 

3ci 

b 

0-7820 
0-6218 

00189 
0-0154 

2-41 

2-48 

1-91 
1-97 

4a 

6 

0-7137 
0-6868 

00144 
0-0124 

2-01 
2-11 

1-61 
1-68 

0-7732 
0-7407 

0-0164 
00161 

2-12 
2-18 

1-68 
1-74 

0-7447 
0-7429 

0-0188 
0-0188 

2-46 
2-68 

1-96 
2-01 
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7a 
6 

Amt  8nb.  taken. 
0-7860  gram. 
0-7088 

With  Cu(C,H.O,),. 

Wt  CttO. 
0-0161  gram. 
0-0154 

Per  cent  CuO. 
2-18 
2-17 

Per  cent  Cu. 
1-78 
1-78 

8a 
6 

0-7789 
0-8111 

0-0174 
0-0181 

2-24 
2-28 

1-78 
1-77 

0-7876 
0-6155 

0-0169 
0-0188 

2-29 
2-24 

1-81 
1-78 

10a 
6 

0-7815 
0-8774 

0-0191 
0-0218 

2-44 
2-48 

1-94 
1-98 

Ua 
6 

0-8048 
0-8808 

00170 
00174 

211 
2-10 

1-67 
1-67 

12a 

0-6780 
0-7695 

0-0150 
0-0168 

2-21 
218 

1-75 
1-74 

Comparing  these  results  with  one  another,  there  is  to  be  seen  a 
very  noticeable  lack  of  agreement  in  composition,  .and  further  it  is 
to  be  8een  that  the  myosin-copper  compound  has  on  an  average  a 
somewhat  higher  content  of  copper  than  the  albumin-copper  precipi- 
tate. The  average  composition  of  all  the  copper  myosins  shows  about 
1*42  per  cent  of  Cu,  and  deducting  0*25  per  cent,  of  ash,  the  average 
content  of  Cu  would  be  1*17  per  cent.  Examining  the  individual 
resolts,  it  is  apparent  that  the  compounds  made  from  the  same  myosin 
solution  are  approximately,  at  least,  the  same  in  composition  and 
without  doubt  the  difference  in  the  composition  pf  compounds  made 
from  different  myosin  solutions  is  due  to  variation  in  the  concentra- 
tion of,  and  possibly  also  in  the  reaction  of,  the  myosin-containing 
floid.  It  would  appear  as  if  variations  in  the  conditions  of  precipita- 
tion made  a  greater  difference  in  the  case  of  the  myosin-copper  com- 
pounds than  in  the  compounds  of  copper  with  albumin.  Several 
times,  also,  we  have  found  that  our  myosin-copper  precipitate  con- 
tained solphuric  acid,  even  after  thorough  washing  and  when  the 
wash-water  was  proved  to  be  entirely  free  from  any  reaction  with 
barium  chloride. 

One  SQch  compound,  after  drying  at  110^  C,  was  analyzed  with 
the  following  results : 

0*7240  gram  substance^  gave  0-0848  gram  BaSO«  =  1*68  per  cent.  SO.. 
0*8420  gram  substance  gave  0-0881  gram  BaSO^  =  1-78  per  cent.  SO.. 
0*4705  gram  substance^  gave  00084  gram  CuO  =  1*78  per  cent.  CuO. 
0*6011  gram  substance  gave  0-0107  gram  CuO       =  1-78  per  cent.  CuO. 

*  Roasted  and  then  ignited  with  pure  sodium  carbonate,  the  residue  dissolved  in 
hot  water  acidified  with  hydrochloric  acid  and  precipitated  with  barium  chloride. 

t  Ignited,  the  residue  dissolved  in  nitric  acid,  precipitated  with  hjdrogen  sulphide, 
etc 
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Tbe  molecular  weight  of  CuO  aod  SO,  being  the  same,  it  is  evident 
that  the  two  are  present  in  jast  the  proportion  to  form  cnpric  sal- 
pbate. 

b.     Iron  compounds. 

By  adding  a  ^altition  of  ferric  ohloride  to  an  ammoniam  chloride 
solatioD  of  myosin,  a  semi-gelatinoas  precipitate  is  formed  of  a  red- 
dish yellow  color,  and  consisting  of  a  combination  of  myosin  aod 
oxide  of  iron.  The  compound  when  thoroughly  washed  contains  no 
chlorine.  When  freshly  precipitated,  it  is  partially  soluble  in 
dilute  ammonium  hydroxide,  as  also  in  sodium  hydroxide,  tbe  residae 
becoming  gummy  or  gelatinous  and  brownish  yellow  in  color.  It 
fiwells  up  in  sodium  carbonate,  but  is  insoluble.  In  nitric  acid  tbe 
compound  turnf^  yellow,  but  is  wholly  insoluble  and  does  not  swell 
Up.  In  hydrochloric  and  also  in  sulphuric  acid  the  compound  is  like- 
wise insoluble.  >  In  acetic  acid,  however,  it  is  soluble  completely, 
forming  a  semi-gelatinous  fluid.  In  this,  as  in  other  metallic  com- 
pounds of  myosin,  acids  simply  dissolve  out  the  metal  and  then 
exert  their  usual  action  on  the  myosin.  The  various  preparations, 
washed  free  from  iron  and  chlorine,  and  dried  at  110®  C.  were 
analyzed  witli  tlio  following  results: 


Sbbies  I. 

Sfo. 

Amt.  Sub.  taken. 

Wt.  Fe«0,. 

Per  cent.  FejO,. 

Per  ccDt  Fe. 

ia 

irumgrBm, 

0.0194  gram. 

2-76 

1-tt 

a 

o^tmi 

00198 

2-74 

1-92 

:±a 

U^3762 

0-0128 

8-40 

2-38 

^ 

0'IM23 

0-0121 

8-38 

2S3 

8a 

0^5887 

0-0141 

2-42 

l-« 

U 

o-r,ei» 

0-0187 

2-48 

1-70 

4a 

\KmH 

0-0177 

8-25 

3-26 

h 

lym^H 

0-0197 

8-24 

3-26 

M 

0-4761 

0-0140 

2-95 

2-06 

It 

O'satti 

0-0100 

2-95 

2-07 

fia 

n%=iini 

00178 

8-40 

2-87 

^ 

n^^m 

0-0194 
Sbbies  IL 

8-28 

3-29 

1 

U-4847 

0-0188 

8-87 

2-70 

Ji 

ii^820U 

0*0115 

8-59 

2-51 

t 

U'lUH 

0-0158 

8-72 

2M 

4 

t\,mm 

0-0184 

8-58 

2-45 
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No. 

Ami  Sub.  taken. 

wt  re,o,. 

Per  cent,  Fe«0». 

Per  cent.  Fe. 

5a 

0-4551  gram. 

0-0167  gram. 

8-68 

2*57 

6 

0-8868 

0-0187 

8-78 

2-61 

to 

0-8788 

00188 

8-64 

2*68 

b 

0-8676 

0-0181 

8-57 

2*50 

la 

0-4284 

0-0148 

8*84 

2-88 

h 

0-4041 

00186 
Series  III. 

8-87 

2-86 

With  a  large 

excess  of  ferric  chloride. 

\a 

0-4885 

0-0269 

618 

4*29 

b 

0*6989 

00486 

6-37 

4-88 

In  none  of  these  preparations  was  there  any  attempt  made  to  add 
a  definite  amount  of  ferric  chloride,  but  the  iron  salt  was  added  until 
a  good  precipitate  was  obtained.  Undoubtedly,  the  amount  of  iron 
salt  added,  modifies  materially  the  composition  of  the  compound.  In 
series  m  it  is  seen  that  the  content  of  iron  is  about  double  the  aver- 
age amount  contained  in  the  other  preparations.  The  average 
amount  of  iron  (Fe)  in  the  first  two  series  of  compounds  is  2*29  per 
cent 

c.     Zinc  compounds. 

With  sine  sulphate,  myosin  is  thrown  down  from  its  ammonium 
chloride  solution  as  a  heavy  gelatinous  precipitate.  Like  the  iron 
compound  it  is  partially  soluble  in  sodium  and  ammonium  hydroxides, 
swelling  up  to  a  gelatinous  mass.  It  is  insoluble  in  nitric,  hydro- 
chloric and  sulphuric  acids,  but  is  partially  soluble  in  acetic  acid.  In 
composition,  it  is  seen  to  be  very  closely  allied  to  the  zinc  albu- 
minate. Following  are  the  results  obtained  by  analysis  of  the  dried 
compounds : 

Series  I. 


No. 

Amt  Sub.  taken. 

Wt  ZnO. 

Per  cent.  ZnO. 

Per  cent. 

la 

0-6108  gram. 

0*0049  gram. 

0*81 

0*64 

6 

0-6619 

0-0065 

0*88 

0-66 

aa 

0-6611 

0-0047 

0*71 

0-57 

h 

0*8006 

0-0069 

0*78 

0*59 

8a 

0*4666 

0-0046 

0*99 

0-79 

h 

0*4494 

0*0044 

0*99 

0*79 

4a    . 

0*5986 

0-0048 

0-80 

0-64 

h 

0*6926 

0-0056 

0*79 

0*68 
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Series  n. 

No. 

la 

h 

Amt.  Sub.  taken. 
0-6258  gram. 
0-6618 

Wt.  ZnO. 
0-0051  gram. 
0-0054 

Per  cent.  ZnO. 
0-82 
0-81 

Per  cent 
0-66 
0-65 

2a 
6 

0-5815 
0-5485 

0-0064 
00065 

1-21 
1-18 

0-97 
094 

8a 
b 

0-7925 
0-6918 

0-0064 
0-0067 

0-81 
0-88 

0-65 
DM 

4a 
b 

0-4858 
0-5818 

0-0062 
0-0066 

1-27 
1-24 

1-08 
0-9» 

5a 
h 

0-6635 
0-6504 

00056 
0-0050 

0-86 
0-76 

0-68 
0-61 

6a 
b 

0-6263 
0-6689 

0-0055 
0-0059 

0-87 
0-88 

0-70 
0-71 

The  average  content  of  zinc  (Zn)  is  0*72  per  cent.  Unlike  the  iron 
and  copper  compounds,  there  is  here  less  variation  in  the  composition 
of  the  various  preparations. 

d.     Nickel  and  cobalt  compounds. 

The  extremely  low  percentage  of  zinc  in  the  zinc-myosin  com- 
pounds, as  contrasted  with  the  iron  in  the  iron  compounds,  led  as  to 
liiake  a  nickel  and  cobalt  preparation  for  the  sake  of  comparison. 
The  results,  in  both  cases,  accord  more  nearly  with  those  of  the  iron 
compound,  for  although  containing  a  higher  percentage  of  metal 
than  the  latter,  it  was  necessary  to  prepare  them  both  under  just 
such  conditions  as  in  the  iron  compound  led  to  the  highest  peroeot- 
ageofiron,  viz:  a  large  excess  of  the  precipitant.  Following  are 
the  analytical  results  obtained  with  both  substances: 


With  Ni  (NO,),. 


No.  Amt.  Sub.  takeD. 

la  0*6165  gram. 

b  0-7016 


Wt.  NiO,.  Per  cent.  NiO,.        Per  cent  Kl 

00045  gram.  7*29  471 

00051  7-26  4-70 


la 
b 

2a 
b 


0-6479 
0-6696 
0-6451 
0-6842 


With  CO  (NO,),. 


0-0064 
0-0065 

00056 
0-0060 


9-95 
9-70 

8-75 
8-84 


6-45 
6-28 
5-67 

5-72 
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«.     Uranium  compounds. 

The  addition  of  oranyl  nitrate  to  an  ammonium  chloride  solution 
of  myosin  produces  a  heavy  gelatinous  precipitate  of  a  uranyl-myosin 
compound,  which  in  solubility  resembles  the  other  myosin  prep- 
arations. Washed  free  from  excess  of  uranyl  nitrate  and  from 
ammoDium  chloride  and  then  dried  at  110°  C,  the  various  prepara- 
tioDs  yielded  on  analysis  the  following  results,  the  uranium  being 
determined  by  simple  ignition  and  weighing  as  uranoso-uranic  oxide: 


Sbbibs  I. 

No. 

Ami  Snb  taken. 

wt  u,o«. 

Per  cent.  UgOB. 

Per  cent  U. 

la 

0*6878  gram. 

0-0489  gram. 

7-67 

6*51 

6 

0*6886 

0*0626 

7*69 

6*58 

2a 

0-7081 

0*0692 

8*86 

7-09 

b 

0-7689 

0*0656 

8*51 

7*22 

8a 

0-6418 

0*0686 

918 

7*76 

b 

0-7809 

0*0715 

916 

7-78 

4a 

0-6621 

00641 

8-17 

6*98 

b 

0-7455 

0-0608 

8-15 

6-91 

iki 

0-7525 

0-0668 

8-81 

7-48 

b 

0-6964 

0*0615 

8-88 

7-50 

6a 

0-7208 

0*0500 

8-18 

6-94 

b 

0-7489 

00607 

8-15 

6-91 

la 

0-6648 

0-0527 

7-92 

6*72 

b 

0-7101 

0-0565 
Series  II. 

7-96 

6-76 

la 

0*8786 

0*0887 

9-58 

818 

b 

0-8570 

0*0820 

9-57 

812 

%a 

0-5857 

0-0598 

1012 

8*69 

b 

0-7088 

00716 

10-09 

8-56 

Sa 

0-5715 

0*0568 

9-94 

8*44 

b 

0-6958 

0-0688 

9-89 

8-40 

4a 

0-6929 

0.0566 

8-02 

6-82 

b 

0-7667 

0*0615 

8-02 

6-82 

5a 

0*8081 

0-0874 

10-88 

9-28 

b 

0-8272 

0*0901 

10-89 

9-24 

6a 

0-7084 

0*0558 

7-86 

6-67 

6 

0-6810 

00540 

7-92 

6-72 

These  results  show  a  variation  in  the  content  of  uranium,  amount- 
ing to  nearly  3  per  cent.  (6 '6 1-9*24  per  cent.)     Further,  a  compari- 

Tbaks,  Conk.  Acad.,  Vol.  YU.    42  Nov.,  1886. 


Series 

I. 

No. 

Amt.  Sub.  taken. 

Wt.  of  Hg. 

Per  cent  Hi 

la 

0-7609  gram. 

0-0166  gram. 

218 

b 

1-2911 

0-0268 

2-07 

2a 

1-2886 

0-0270 

217 

b 

0-9535 

0-0198 

2-07 

Sa 

M856 

0-0218 

1-84 

b 

0-9261 

0-0173 

1-88 

4a 

1-3504 

0-0267 

1-9U 

b 

0-9332 

0-0178 

1-90 

Series  II 

1 

0-8917 

0-0241 

2-70 

2* 

1-1196 

0-0810 

2-77 

3a 

0-9587 

0-0271 

2-84 

b 

0-8818 

0-0259 

2-98 

4 

0-9209 

0-0270 

2*98 

5 

0:8852 

0-0241 

2-89 

6 

0-a564 

0-0217 

2-58 

7a 

10696 

00844 

8-22 

b 

0-8550 

0-0364 

3-09 

830  Chittenden  and  Whitehouse — Metallic 

son  of  the  two  series  shows  plainly  that  there  is  something  in  the 
nature  of  the  second  myosin  solution,  which  tends  to  raise  the  content 
of  uranium  in  the  uranyl  compounds ;  probably,  the  greater  conceD- 
tration  or  dilution  of  the  solution.     Evidently,  then,  the  compoeitioQ      j 
of  the  compound  is,  in  part  at  least,  determined  by  the  conditions      i 
under  which  the  uranyl  salt  and  the  myosin  solution  are  brooght      , 
together.     The  average  amount  of  uranium  contained  in  the  prepa- 
rations is  7*49  per  cent. 

/,    Mercury  compounds. 

By  adding  a  solution  of  mercuric  chloride  to  an  ammonium  chlo- 
ride solution  of  myosin,  a  heavy  gelatinous  precipitate  is  fonned 
which  soon  changes  to  a  flocculent  one.  Freed  iirora  the  excess  of 
mercury  salt  and  ammonium  chloride,  the  compound  is  found  to  he 
entirely  free  from  chlorine.  The  substance  is  somewhat  soluble  in 
sodium  hydroxide,  swelling  up  first  and  then  gradually  dissolvbg. 
Dried  at  110°  C.  and  then  analyzed,  the  following  results  were  ob- 
tained. The  mercury  was  determined  as  already  described  under 
mercury  albuminate. 
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The  average  content  of  mercury  (Hg)  is  2*43  percent.  The  resnlts 
of  each  series  show  a  fairly  close  agreement,  but  the  two  series  do  not 
compare  with  each  other  at  all.  Thus,  the  average  amount  of  mer- 
cary  in  the  compounds  of  the  first  series  is  1*99  per  cent.,  while  in 
the  second  series  the  average  amount  rises  to  2*87  per  cent.  This  is 
another  good  illustration  of  the  influence  of  the  strength  of  the  solu- 
tion on  the  composition  of  the  precipitate,  and  as  in  this  case  the 
presence  of  any  ash  could  not  interfere  with  the  ultimate  result,  since 
the  mercury  was  separated  by  distillation,  it  follows  that  the  appar- 
ently higher  content  of  mercury  in  the  second  series  must  be  due  to 
combination  of  the  myosin  with  a  larger  amount  of  the  metal.  Fur- 
ther, it  has  been  claimed*  that  in  the  case  of  the  silver  albuminate, 
it  is  possible  under  certain  circumstances  for  the  albuminate,  when 
formed  in  a  concentrated  solution,  to  inclose  a  variable  amount  of 
alhomio  mechanically,  and  thus  the  apparent  percentage  of  silver  in 
the  albuminate  be  reduced.  If  such  was  true  of  the  myosin-mercury 
compounds,  a  far  greater  variation  would  be  expected  in  the  per- 
centage of  mercury  in  the  different  preparations  of  the  same  series. 

The  following  table  of  comparisons  shows  the  average  content  of 
metal  in  the  albuminates  formed  from  the  two  kinds  oi  proteid 
matter. 


Egg-aibumk 

Myosin. 

Copper  compound, 

0-94  per  cent 

.  Cu 

1-17  per  cent. 

Cu 

Iron 

(( 

0-95 

Fe 

2-39 

Fe 

Zinc 

ti 

0-91 

Zn 

0-72 

Zn 

Uranyl 

ti 

4-60 

U 

7-49 

U 

Mercury 

*" 

2-89 

Hg 

2-48 

Hg 

Lead 

it 

3-56 

Pb 

--  -- 

.--- 

Silver 

** 

409 

Ag 

--_- 

.• .. 

Nickel 

it 

4-70 

Ni 

Cobalt         "  608  Co 

Apparently,  the  two  forms  of  albuminous  matter,  the  albumin  and 
globulin,  do  not  form  corresponding  compounds  with  the  metallic 
salts  experimented  with. 


♦  See  Loew,  Pfluger's  Archiv  fQr  Physiologie,  Band  xxxi,  p.  393. 


XXI. — Egg-Albumin   and   Albuhoses.     By  R.  H.  CHirrEifDBs 
AND  Percy  R.  Bolton,  Ph.B. 

Eybr  since  the  albumose  bodies  were  first  separated  from  the  pro- 
ducts of  fibrin  digestion*  with  pepsin-hydrochloric  acid,  it  has  been 
our  intention,  already  .expressed,  to  subject  the  various  individoil 
albuminsf  to  the  action  of  purified  pepsin  under  like  conditions,  tod 
thus  ultimately  to  acquire  a  comparative  knowledge  of  the  albnmofle 
bodies  obtainable  from  these  different  sources.  Already  the  albumose 
bodies  from  fibrin  and  the  globuloses|  have  been  subjected  to  a  care- 
ful study  and  we  present  here  the  result  of  a  study  of  the  albamoses 
from  egg-albumin. 

In  doing  this,  we  have  to  report  at  the  same  time,  the  results  of  a 
study  of  th^  composition  of  egg-albumin  itself.  For  we  have  made 
it  a  rule,  in  the  series  of  experiments  shortly  to  be  described,  to 
analyze  a  sample  of  each  lot  of  albumin  prepared  for  digestion.  Id  thii 
manner  we  have  obtained  data  for  a  direct  comparison  of  compoeitioo 
between  the  original  sample  of  albumin  and  the  products  formed  bj 
its  digestion.  This  we  have  deemed  of  considerable  importance,  for 
the  data  so  obtained  may  throw  considerable  light  on  the  nature  of 
the  changes  involved  in  the  formation  of  the  albumoses ;  particu- 
larly, as  to  whether  they  are  hydrolytic  in  their  nature. 

Four  distinct  samples  of  albumin  were  prepared,  three  of  which 
were  prepared  in  large  quantities  and  served  as  material  for  the  sobse- 
quent  digestions. 

Albumin  A. 

This  was  a  preparation  of  coagulated  egg-albumin,  prepared  espec- 
ially with  the  view  of  obtaining  a  product  wholly  free  from  globaliD. 
The  method  employed  was  essentially  that  recommended  by  Hara- 
mar8ten.§    The  whites  of  120  eggs  were  freed  from  the  yolks,  then 


*  W.  Kuhne  and  R.  H.  Chittenden,  Ueber  Albumosen,  Zeitschrift  f flr  Biologie,  Btnd 
XX,  p.  11. 

f  W.  Kiihne  and  R.  H.  Chittenden,  Ueber  die  nachsten  Spaltuogsproducie  der 
Riweisskorper,  Zeitscbrift;  fiir  Biologie,  Band  xix,  p.  169. 

{  W.  Kiihne  and  R.  H.  Chittenden,  Globulin  und  Globulosen,  Zeitschrift  far  Bidofit. 
Band  xxii,  p.  409. 

§  See  K.  V.  Starke,  Beitrage  zur  Kenntniss  des  Serum-  und  Eialbnmins,  Jthn^ 
l>ericht  fiir  Thierchemie,  1881,  p.  18. 
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finely  divided  by  shaking  with  glass,  the  fluid  mixed  with  an  equal 
Yolnme  of  water  or  more,  then  shaken  vigorously  with  air  and 
finally  filtered  through  cloth.  The  solution  so  obtained,  was  then 
satarated  with  crystals  of  magnesium  sulphate  at  20^  C,  for  the  com- 
plete removal  of  the  globulin.  The  mixture  was  filtered  through 
paper  and  the  clear  filtrate  saturated  with  sodium  sulphate.  The 
precipitated  albumin  was  then  filtered  and  washed  with  a  saturated 
solution  of  sodium  sulphate,  after  which  it  was  dissolved  in  water  and 
diilyzed  in  running  water  until  the  magnesium  and  sodium  sulphates 
were  entirely  removed.  The  fluid  was  then  again  filtered  and  the 
albumin  finally  coagulated  by  being  poured  into  eight  litres  of  boil- 
ing water,  slightly  acidified  with  acetic  acid.  The  great  bulk  of  the 
coagnlnm  so  obtained  was  at  once  placed  in  four  litres  of  0*4  per 
cent  hydrochloric  acid,  while  a  small  sample  for  analysis  was  washed 
with  95  per  cent,  alcohol,  finally  with  absolute  alcohol  and  then 
dried,  first  at  100°  C,  and  finally  at  106®  C,  in  vacuOy  until  of  con- 
stant weight.  The  following  table  shows  the  results  of  the  analysis 
of  the  product.  The  various  determinations  were  made  as  described 
in  the  previous  articles  on  these  subjects,  the  sulphur  being  deter- 
mined by  fusion  with  potassium  hydroxide  and  potassium  nitrate  in 
a  silver  crucible,  according  to  the  method  designated  by  Hammar- 
sten*  as  la. 

Albumin  B. 

This  albumin  was  prepared  from  the  whites  of  120  eggs  by  a  some- 
what different  method.  The  albumin  solution,  after  dilution  with 
water,  was  made  very  distinctly  acid  with  acetic  acid,  and  the  heavy 
precipitate  of  globulin,  after  it  had  well  settled,  removed  by  filtration. 
The  acid  fluid  was  then  made  exactly  neutral  with  sodium  carbonate 
and  again  filtered  ;  it  was  then  thymolized  and  dialyzed  in  running 
water  for  eight  days.  A  little  globulin,  not  precipitated  by  the  acetic 
acid,  was  found  in  the  bottom  of  the  dialyzers  when  the  salts  had 
diffused  out.  This  was  filtered  off  and  the  pei-fectly  clear  fluid  evap- 
orated at  35-45°  C,  to  perfect  dryness.  A  sample  of  this  preparation 
was  ground  fine,  dried  at  106**  C.  in  vacuo  and  analyzed.  It  is  perhaps 
questionable,  whether  all  of  the  globulin  is  removed  by  this  method. 
The  precipitate  with  acetic  acid  was  quite  heavy,  and  as  H.  Dillnerf 
has  recently  shown  that  the  amount  of  globulin  in  egg-albumin,  as 

*  See  Zeitactirift  fOr  phjsiolog.  Chemie,  Band  ix,  p.  289. 

f  Ueber  die  Globuline  im  Htkhnereiweiss,  Jahresbericht  for  Thierchemie,  1885, 
p.  31. 
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determined  by  the  magnesium  sulphate  method,  never  reaches  1  per 
cfifit.,  but  averages  only  0*667  per  cent.,  it  seems  probable  that  the 
greater  portion  is  separated  by  the  acetic  acid.  Further,  Dillner  has 
fotind  that  on  the  dialysis  of  a  neutralized  egg-albumin  solution,  the 
matter  which  separates  out  after  a  few  days  dialysis,  is  only  in  part 
glulmlin,  but  consists,  in  addition,  of  a  somewhat  insoluble  body  rich 
ill  sulphur.  Hence,  the  substance  which  separated  in  our  dialyaers, 
afLer  precipitation  with  acetic  acid  and  neutralization,  may  not  have 
been  composed  wholly  of  globulin.  The  following  table  shows  the 
composition  of  the  uncoagulated  albumin  B. 

Albumin  C, 

This  preparation  was  much  the  same  as  albumin  B,  except  that  it 
wai3  finally  coagulated.  Globulin  was  separated  by  acetic  acid,  the  fil- 
trate neutralized,  again  filtered  and  the  fluid  dialyzed  in  running  water 
until  all  soluble  salts  were  removed.  The  albumin  was  then  coagu- 
lated by  being  poured  into  a  large  volume  of  boiling  water  acidified 
with  acetic  acid.  A  sample,  after  drying  at  106*  C.  in  vacuo,  wu 
found  to  have  the  composition  shown  in  the  accompanying  table. 

Albumin  D. 

This  sample  of  albumin  was  prepared  in  exactly  the  same  manner 
ae?  albumin  A ;  the  globulin  removed  by  magnesium  sulphate,  the 
alVitimin  precipitated  by  sodium  sulphate  and  after  dialysis,  coagn- 
latGd  as  already  described.  Its  composition  is  shown  in  the  follov- 
ing  table. 

Comparing  now,  the  results  of  the  analysis  of  these  four  samples  of 
albumin,  it  is  seen  that  the  first  three  agree  almost  exactly  in  com- 
position, while  the  fourth  ahows  a  somewhat  lower  content  of  carbon. 


A 

B 

C 

D 

Avenqt. 

c 

5^-21 

52-88 

52-46 

51-74 

52-18 

H 

6-96 

6-98 

7-00 

6-81 

6-98 

N 

15-80 

15-89 

15-88 

15-68 

15-81 

S 

1-W 

1-88 

1-69 

2-02 

1-87 

o 

2809 

22-97 

22-97 

28-75 

28-21 

Ash 

0-87 

1-11 

0-17 

0-45 

Further,  the  coagulated  products  (A  and  C)  do  not  differ  at  all  in 
composition  from  the  non-coagulated  albumin  B. 

Schtltzenberger,*  as  a  result  of  his  work  on  proteid  matter,  ascribed 

*  Bulletin  de  la  Societe  Chimique  de  Pane,  T.  23  et  24. 
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to  albnmin  the  formula  C,^^H,„N^O,jS„  which  requires  a  content  of 
carbon  not  far  different  from  the  average  of  our  results,  but  which 
OD  the  other  hand  demands  a  content  of  nitrogen  nearly  1  per  cent, 
higher  than  we  fonnd.  The  well-known  Lieberktthn's  formula  requires 
53*59  per  cent,  of  carbon,  or  1  per  cent,  more  than  was  found  in  our 
highest  result.  Harnack's  formula  for  albumin,*  C,j,^H„,N„O^S„  with 
a  molecular  weight  of  4618,  based  on  a  study  of  the  copper  compounds 
of  albumin,  requires  too  high  a  content  of  carbon  and  altogether  too 
low  a  percentage  of  sulphur.  LieberkUhn's  formula  requires  1*98  per 
cent  of  sulphur,  while  Harnack's  formula  requires  only  1*39  per  cent. ; 
and  as  this  was  one  of  the  main  points  on  which  Harnack  based  his 
formula,  it  is  well  to  consider  it.  Our  lowest  result  on  sulphur  is  1  '69 
per  cent.,  and  as  the  other  three  show  a  close  agreement,  it  is  proba- 
ble that  the  former  is  somewhat  too  low.  The  average  of  our  results, 
however,  is  but  0*04  per  cent,  higher  than  found  by  Lieberktthn.  O. 
Loewf  has  recently  considered  this  question,  and  he  found  on  deter- 
miniDg  the  sulphur  in  coagulated  egg-albumin  by  a  modification  of 
Piria  and  ScbiflTs  method,  1*70  and  r87  per  cent,  of  sulphur  respect- 
ively. O.  Nasse,!  likewise,  found  in  coagulated  albumin  a  content  of 
1*72  per  cent,  of  sulphur,  and  lastly,  Hammarsten§  found  in  non- 
coagulated  albumin  1-93  per  cent,  of  sulphur.  There  would  seem  to 
be  plenty  of  confirmatory  evidence,  therefore,  that  the  content  of 
sulphur  in  egg-albumin  is  much  larger  than  indicated  by  Harnack's 
formula. 

The  nitrogen,  as  determined  in  our  preparations,  is  seen  to  be 
somewhat  higher  than  fonnd  by  Hammarsten,  with  whose  results  in 
other  respects  ours  most  closely  correspond.  Dumas,  however, 
foand  nearly  the  same  percentage  of  nitrogen  as  contained  in  our 
preparations.  The  accompanying  table  of  analyses  shows  the  aver- 
age of  our  results,  compared  with  those  of  others. 

Albumoses, 

Three  distinct  digestions  of  albumin  (preparations  A,  B  and  C) 
were  made  with  pepsin-hydrochloric  acid,  and  the  albumose  bodies 
isolated.  In  this  way  it  was  possible  to  prepare  the  bodies  under 
somewhat  different  conditions,  and  to  notice  the  influence,  if  any,  on 
the  nature  and  composition  of  the  products.  The  pepsin-hydrochloric 
acid  used  in' two  of  the  digestions  was  prepared  with  a  special  view 


*  Zeitsdiriri  fur  Physiolog.  Chemie,  Band  v,  p.  207. 

t  POoger'a  Archiv  fur  Phygiologie,  Band  xxxi,  p.  395. 

$  Jahresbericht  fur  Thierchemie,  1873,  p.  13.  4$  Ibid,  1881,  p.  19 
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to  removing  all  traces  of  albumose  bodies,  formed  by  the  self -digestion 
of  the  mucous  membrane,  and  was  prepared  as  follows:  700  grams  of 
mucous  membrane  from  the  cardiac  portion  of  six  pigs'  stomachs, 
freed  from  the  muscularis,  were  finely  divided  and  warmed  at  40^  C. 
for  fourteen  days,  in  two  and  a  half  litres  of  0*6  per  cent  hydro- 
chloric acid.  At  the  end  of  this  time,  all  albumose  bodies  presumably 
having  been  converted  into  peptone,  the  solution  was  filtered  from 
the  residue  of  nuclein,  antialbumid,  etc.,  and  the  filtrate  saturated 
with  ammonium  sulphate.  The  precipitate,  consisting  mainly  of 
pepsin,  with  perhaps  some  albumose,  was  filtered  off,  washed  with  a 
saturated  solution  of  ammonium  sulphate,  and  then  dissolved  in  two 
litres  of  0*2  per  cent,  hydrochloric  acid.  The  acid  solution  was  then 
thymolized  and  dialyzed  in  running  water,  until  the  ammonium  sul- 
phate was  entirely  removed.  On  opening  the  dialyzing  tubes,  quite 
a  precipitate  was  found,  which  on  being  dissolved  in  0*2  per  cent, 
hydrochloric  acid  showed  marked  proteolytic  action.  The  filtrate 
also,  on  being  acidified,  showed  vigorous  digestive  power.  These 
two  solutions  of  purified  pepsin  were  used  in  the  digestion  of  two  of 
the  albumins,  while  with  the  third  a  pure  glycerin  extract  of  pepsin 
was  employed. 

The  general  method  of  procedure,  both  in  the  digestions  them- 
selves and  in  the  separation  of  the  various  albumoses,  was  much  the 
same  as  that  previously  employed  by  Ktlhne  and  Chittenden. 

Digestion  of  Albumin  A, 

The  albumin,  as  previously  described,  was  placed  in  four  litres  of 
0*4  per  cent,  hydrochloric  .acid  and  the  mixture  raised  to  a  tempera- 
ture of  45®  O.  Then  600  c.  c.  of  the  purified  pepsin-hydrochloric 
acid  solution  were  added  and  the  mixture  kept  at  a  temperature  of 
45°  C.  for  three  hours,  after  which  it  was  neutralized  with  sodium 
hydroxide  and  filtered.  The  pepsin  solution,  although  quite  active, 
did  not  act  very  vigorously  on  the  coagulated  albumin.  The  neu- 
tralization precipitate,  therefore,  together  with  the  unaltered  albumin, 
was  again  treated  with  a  fresh  quantity  of  the  pepsin-hydrochloric 
acid,  under  like  conditions  as  the  preceding,  for  four  hours.  The  two 
neutralized  fluids  were  then  united  and  treated  together.  The  total 
volume  was  about  six  litres.  The  clear  fluid  was  saturated  in  the 
cold  with  crystals  of  sodium  chloride,  by  which  a  precipitate  was 
obtained,  which  from  analogy  should  consist  of  proto-,  dys-  and 
heteroalbumose. 
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In  making  these  separations  of  the  albumose  bodies,  we  intenUoD- 
ally  avoided  raising  the  temperature  of  the  fluid  above  45®  C,  for 
fear  that  heat  might  induce  some  change  in  the  character  of  the 
bodies ;  hence  the  first  neutralized  fluid  was  saturated  directly  with 
salt,  in  spite  of  its  large  volume,  and  the  bodies  were  ultimately  all 
separated  without  having  been  exposed  to  a  temperature  higher  than 
that  above-mentioned.  The  use,  however,  of  such  a  large  quantity 
of  rock  salt  introduced  into  the  solutions  some  calcium  sulphate, 
which  adhered  very  tenaciously  to  the  albumose  bodies  and  thos 
unavoidably  raised  the  content  of  ash  in  the  preparations. 

The  precipitate  produced  by  the  addition  of  sodium  chloride  in 
substance  was  filtered,  washed  with  a  saturated  solution  of  sodium 
chloride,  then  extracted  successively  with  a  ten  per  cent,  solution  of 
sodium  chloride,  a  five  per  cent,  solution  of  the  same  salt,  and  lastly 
with  water.  The  residue  remaining  undissolved  after  these  succes- 
sive treatments  with  dilute  salt  solutions  and  water,  presumably  con- 
sisted of  dysalbumose,  while  the  solutions  contained  a  body  precipi- 
table  by  acetic  acid  and  soluble  in  excess,  and  also  precipitable  by 
potassium  ferrocyanidej  presumably  protoalbumose  together  with 
heteroalbumose.  The  original  salt-saturated  filtrate  contained  all  of 
the  deuteroalbumose,  together  with  considerable  protoalbumose  and 
some  heteroalbumose. 

A,    Protoalbumose, 

The  five  and  ten  per  cent,  sodium  chloride  solutions  of  the  first  salt 
precipitate,  together  with  the  aqueous  solution  of  the  same,  were 
united  and  then  dialyzed  in  running  water  for  removal  of  the  hetero- 
albumose. The  solution,  partially  freed  from  the  latter,  was  concen- 
trated somewhat  and  the  protoalbumose  again  precipitated  by  satu- 
rating the  solution  with  sodium  chloride.  This  precipitate  was  again 
dissolved  in  water,  dialyzed  until  the  greater  portion  of  the  salt  was 
removed,  the  solution  then  concentrated  and  the  albumose  precipi- 
tated by  alcohol.  This  precipitate  was  redissolved  in  water,  dialyzed 
until  no  chlorine  reaction  could  be  obtained  with  silver  nitrate,  the 
solution  concentrated  on  the  water  bath  to  a  syrup  and  finally  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  ether  and  then  dried 
at  106®  C.  in  vacuo  until  of  constant  weight.  In  the  last  dialysis 
there  was  no  separation  whatever  of  heteroalbumose,  hence  the  pro^ 
toalbumose  is  to  be  considered  as  quite  pure.  The  composition  of 
the  substance  is  shown  in  the  accompanying  table.  The  ash  con- 
tained no  sulphate. 
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The  protoalbumose  was  readily  soluble  in  water  and,  unlike  the 
protoalbumose  from  fibrin,  dissolved  to  a  perfectly  clear  solution 
with  a  neutral  or  very  faintly  alkaline  reaction.  The  aqueous  solu- 
tion was  rendered  somewhat  turbid  by  the  addition  of  a  little  acetic 
acid,  the  turbidity  disappearing,  however,  on  the  addition  of  an  excess 
of  acid.  The  aqueous  solution,  strongly  acidified  with  acetic  acid, 
was  precipitated  by  the  addition  of  potassium  ferrocyanide ;  the  pre- 
cipitate, however,  dissolved  on  heating  the  mixture,  reappearing  as 
the  solution  became  cool. 

An  aqueous  solution  of  the  album ose,  acidified  with  acetic  acid  to 
such  an  extent  that  the  first  turbidity  was  re-dissolved,  was  not  ren- 
dered at  all  turbid  by  the  addition  of  a  little  sodium  chloride ;  the 
addition  of  more  salt,  however,  gave  a  very  strong  turbidity  which 
disappeared  entirely  on  warming,  reappearing  on  cooling.  As  with 
the  protoalbumose  from  fibrin,  it  is  possible  to  add  such  a  quantity 
of  sodium  chloride  as  to  induce  a  very  heavy  precipitate,  yet  ha?eit 
wholly  disappear  on  boiling  the  mixture,  separating  out  again,  how- 
ever, as  the  solution  becomes  cool.  Finally  the  addition  of  a  larger 
amount  of  sodium  chloride  gave  a  precipitate  in  the  acidified  solution, 
which  was  not  at  all  affected  by  even  boiling. 

An  aqueous  solution  of  protoalbumose,  when  treated  drop  by  drop 
with  concentrated  nitric  acid,  was  rendered  noticeably  turbid  at  the 
point  of  contact,  the  turbidity  disappearing  as  the  mixture  was  shaken. 
On  adding  just  the  right  proportion  of  nitric  acid,  a  point  was  reached 
where  the  solution  showed  a  permanent  turbidity,  which  disappeared 
on  the  application  of  a  little  heat,  returning  as  the  solution  cooled. 
A  slight  excess  of  nitric  acid  produced  even  in  the  cold,  a  very 
distinct  reddish  yellow  coloration  of  the  fluid,  the  turbidity  disappear- 
ing. By  adding  crystals  of  salt  to  the  acid  solution,  a  precipitate 
was  again  formed,  which  disappeared  on  the  application  of  heat,  and 
reappeared  as  the  solution  cooled. 

By  saturating  an  aqueous  solution  of  protoalbumose  with  salt,  i 
heavy  precipitate  was  formed,  but  in  the  filtrate  more  albumose  was 
always  found  on  the  addition  of  a  little  acetic  acid.  In  fact,  eich 
time  protoalbumose  was  precipitated  by  sodium  chloride  in  substance 
there  was  always  a  loss ;  a  certain  proportion  of  the  substance  re- 
maining in  the  filtrate,  precipitable  only  by  the  addition  of  a  lit- 
tle acetic  acid.  Protoalbumose  heated  with  acid,  or  treated  in  the 
cold  with  dilute  alkalies  was  not  apparently  converted  into  acid 
albumin  or  alkali-albuminate-like  bodies,  for  on  neutralization,  no 
precipitation  whatever  occurred.     Heated  with  potassium  hydroxide 
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and  plnmbio  acetate,  there  was  a  decided  blackening  of  the  fluid. 
The  protoalbomose  likewise  gave  the  characteristic  reddish  violet 
color  with  potassium  hydroxide  and  cupiic  sulphate.  Cupric  sul- 
phate alone,  added  to  an  aqueous  solution  of  protoalbumose,  gave  a 
heavy  greenish  colored  precipitate,  not  very  soluble  in  excess  of  the 
copper  salt.  Mercuric  chloride  and  lead  acetate  also  precipitated 
the  albamose. 

In  its  reactions,  therefore,  the  protoalbumose  formed  from  egg- 
albnmin  does  not  differ,  essentially  at  least,  from  fibrin  protoal- 
bomose. 

A.  DetUerodlbumose. 

This  body  was  obtained  from  the  first  salt-saturated  fluid,  by  the 
addition  of  a  little  acetic  acid  (sp.  gr.  1042)  also  saturated  with  salt. 
As  Eahne  and  Chittenden  have  already  pointed  out,  all  of  the  proto- 
albamose  is  not  precipitated  by  saturation  of  a  neutral  fluid  with 
sodiam  chloride.  Hence,  it  is  to  be  expected  that  the  deuteroalbu- 
mose  solution  would  contain  some  protoalbumose,  which  latter  would 
be  likewise  precipitated  by  the  salt-saturated  acetic  acid.  We  en- 
deavored to  make  a  separation,  however,  by  rejecting  altogether  the 
first  precipitate  produced  by  the  addition  of  a  little  acetic  acid,  and 
then  to  obtain  the  deuteroalburaose  fairly  free  from  the  former,  by 
the  subsequent  addition  of  more  acetic  acid.  The  final  precipitate 
so  obtained,  was  dissolved  in  a  small  amount  of  water  and  then 
dialyzed  for  several  days.  The  solution,  in  which  was  noticed  a  small 
deposit  of  heteroalbumose,  was  concentrated  and  finally  precipitated 
by  alcohol.  The  precipitated  deuteroalbumose  was  then  redissolved 
in  water,  the  solution  made  exactly  neutral  with  sodium  carbonate 
and  dialyzed  in  running  water  for  many  days,  after  which  the 
solution  was  concentrated  to  a  syrup,  the  albnmose  precipitated  with 
alcohol  and  finally,  after  washing  with  ether,  dried  at  106®  C.  in 
vacuo  until  of  constant  weight.  The  composition  of  the  product  is 
shown  in  the  accompanying  table.  The  ash  was  composed  mainly  of 
ferric  oxide  and  calcium  phosphate ;  it  contained  no  sulphate. 

The  pure  white  powder,  after  being  dried  at  106®  C,  was  found 
readily  soluble  in  water.  The  solution  was  not  rendered  at  all  turbid 
by  saturation  with  sodium  chloride,  but  the  substance  was  more  or 
less  completely  precipitated  by  the  addition  of  a  little  acetic  acid  to 
the  salt-saturated  fluid.  Nitric  acid  added  to  an  aqueous  solution  of 
the  substance  gave  no  precipitate  whatever,  but  colored  the  solution 
decidedly  yellow  even  in  the  cold.    A  little  sodium  chloride  added  to 

TRAna  CoHN.  Acad.,  Vol.  VU.    44  Nov.,    1886. 
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the  nitric  acid  solation  gave  a  decided  turbidity,  which  disappeared 
on  warming  the  solntion  and  reappeared  on  cooling. 

The  addition  of  acetic  acid  to  an  aqneoas  solution  of  the  albumose 
gave  no  precipitate  whatever,  nor  was  any  change  to  be  observed  on 
heating  the  fluid;  neutralization,  at  least,  caused  no  precipitation. 
The  addition  of  a  little  sodium  chloride  solution  to  a  solntion  of 
deuteroalbumose  acidified  slightly  with  acetic  acid  gave  no  precipi- 
tate whatever,  but  as  with  deuteroalbumose  from  fibrin,  the  applica- 
tion of  a  little  heat  induced  a  slight  turbidity,  which  disappeared  on 
raising  the  temperature  still  higher.  Again,  on  the  further  addition 
of  sodinm  chloride,  a  heavier  precipitate  was  prodticed  which  disap- 
peared completely  on  heating  the  solution  and  reappeared  on  cooling; 
and  lastly,  by  adding  more  sodium  chloride,  a  precipitate  was  ob- 
tained which  was  permanent  even  on  heating  the  mixture  to  boiling. 
In  these,  as  in  nearly  all  other  respects,  the  deuteroalbumose  showed 
itself  the  same  in  nature  as  the  deuteroalbumose  from  fibrin,  and  the 
reactions  given  for  that  body  can  well  be  applied  here.  In  one  reac- 
tion only  was  there  any  very  noticeable  difference;  viz:  in  the 
reaction  with  cupric  sulphate.  Deuteroalbumose  from  egg-albumin 
gave  only  a  slight  precipitate  with  cupric  sulphate,  even  on  the  addi- 
tion of  a  minimum  amount  of  the  copper  salt.*  With  acetic  acid  and 
potassium  ferrocyanide,  the  reaction  was  much  the  same  as  with  pro- 
toalbumose.  Boiling  with  sodium  hydroxide  and  lead  acetate  gave 
a  decided  blackening  of  the  fluid,  from  the  presence  of  sulphur. 

A.  Heteroalbumose. 

The  greater  portion  of  the  heteroalbumose  was  obtained  by  the 
dialysis  of  the  5  and  10  per  cent,  sodium  chloride  solutions  of  the 
first  salt  precipitate,  viz:  in  the  purification  of  protoalbumose. 
Some,  too,  was  also  found  in  the  dialysis  of  the  precipitated  deuteroal- 
bumose. In  both  cases,  the  albumose  was  left  as  a  more  or  less  gummy 
precipitate,  closely  adherent  to  the  parchment  of  the  dialyser,  sepa- 
rating out  as  the  sodium  chloride  left  the  solution.  The  product 
was  purified  by  solution  in  5  per  cent,  sodium  chloride,  re-precipitation 
by  the  addition  of  salt  in  substance,  re-solution  in  5  per  cent,  sodium 
chloride  and  separation  by  dialysis,  continued  until  all  chlorine  was 


*  This  (act  simply  shows  the  greater  purity  of  this  preparation  of  deuteroalbumose 
or  rather  its  freedom  from  protoalbumose,  for  as  Dr.  Neumeister  has  recently  shown, 
perfectly  pure  deuteroalbumose  gives  no  precipitate  whatever  with  cupric  sulphate. 
Later,  we  were  able  to  prepare  deuteroalbumose  entirely  free  from  protoalbumose. 
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removed  from  the  solution.  Like  heteroalburaose  from  fibrin,  this 
product  each  time  it  was  re-dissolved  in  dilate  sodium  chloride,  left 
a  residue  soluble  only  in  dilute  acids;  presumably  dysalbumose. 

After  being  washed  with  water,  alcohol  and  ether,  the  product 
was  dried  at  106*  C.  in  vacuo  and  then  analyzed  with  the  results 
shown  Id  the  accompanying  table. 

The  ash  consisted  mainly  of  calcium  phosphate  and  a  little  ferric 
oxide,  but  did  not  contain  any  sulphate.  The  reactions  of  the  body 
were  found  to  be  almost  identical  with  those  described  as  character- 
istic of  heteroalbumose  from  fibrin.*  Suspended  in  water  or  dis- 
solved in  5-10  per  cent,  sodium  chloride  solution  and  then  heated  to 
boiling,  the  heteroalbumose  was  changed  into  a  body,  coagulated 
hekToaUmmoae,  insoluble  in  sodium  chloride  but  slowly  soluble  in  0*2 
percent,  hydrochloric  acid,  from  which  it  was  precipitated  by  neu- 
tralizatioD,  apparently  reconverted  again,  in  part,  into  soluble  hetero- 
albumose and  in  part  into  a  body  resembling  dysalbumose.  Thus 
on  neutralizing  the  acid  solution,  a  decided  precipitate  was  obtained 
which  was  in  part  soluble  in  5  per  cent,  sodium  chloride  (heteroalbu- 
mose), while  the  residue  insoluble  in  the  salt  solution  was  soluble  in 
dilute  acids  and  in  dilute  alkalies  (dysalbumose).  In  the  filtrate 
from  the  neutralization  precipitate,  acetic  acid  showed  the  presence 
of  still  more  heteroalbumose,  which  could  be  separated  from  the 
solution  by  dialysis. 

Further,  the  heteroalbumose  was  found  to  be  soluble  in  dilute 
acids,  alkalies  and  alkaline  carbonates,  and  from  the  solutions  thus 
formed,  it  was  reprecipitated  by  neutralization,  but  never  completely ; 
the  amount  remaining  in  solution  being  dependent  naturally  on  the 
amount  of  neutral  salt  contained  in  the  fluid. 

Nitric  acid  precipitated  the  albamose,  the  extent  of  the  precipita- 
tion depending  on  the  amount  of  sodium  chloride  present.  Acetic 
acid  likewise  gave  a  precipitate,  soluble  in  excess  of  the  acid.  With 
acetic  acid  and  potassium  ferrocyanide,  a  precipitate  was  formed  also 
soluble  in  excess  of  acid.  With  cupric  sulphate,  on  the  contrary, 
a  heavy  precipitate  was  obtained  in  a  sodium  chloride  solution  of  the 
albumose,  insoluble  in  excess  of  the  copper  salt.  The  substance  gave 
the  so-called  biuret  reaction  with  cupric  sulphate  and  potassium 
hydroxide  quite  plainly,  and  also  gave  evidence  of  the  presence  of 
snlphar  on  boiling  with  potassium  hydroxide  and  plumbic  acetate. 


•  See  Zeitschrift  fQr  Biologie,  Band  xx,  p.  32-36. 
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Digestion  of  albumin  B, 

340  grams  of  the  dry  albumin,  non-coagolated,  were  soaked  in  2 
litres  of  0*4  per  cent,  hydrochloric  acid  for  24  hours,  then  warmed  up 
to  45*  C.  and  1  litre  of  the  purified  pepsin-hydrochloric  acid  added, 
also  warmed  at  the  same  temperature.  The  mixture  was  kept  at 
45*  C.  for  16  hours,  then  neutralized  and  filtered.  The  filtrate,  con- 
taining the  albumose  bodies  formed  from  the  uon-coagulated  albu- 
min, was  then  treated  as  already  described  under  Albumin  A. 

B,  Protoalbumoae, 

The  protoalbumose  isolated  from  this  digestion,  was  purified  in 
moch  the  same  manner  as  A  protoalbumose,  and  did  not  differ  from 
it  in  its  reactions,  except  that  with  water  it  did  not  dissolve  to  quite 
so  clear  a  solution;  in  fact  its  solution  in  water  resembled  more 
closely  the  aqueous  solntions  of  protoalbumose  from  fibrin.  During 
its  final  purification,  it  was  dialyzed  in  running  water  until  no  chlorine 
reaction  could  be  obtained  with  silver  nitrate.  In  spite  of  this  fact, 
however,  the  preparation  contained  a  large  percentage  of  ash,  con- 
sistiug  mainly  of  calcium  sulphate,  ferric  oxide  and  a  little  calcium 
phosphate. 

The  accompanying  table  shows  the  composition  of  the  substance 
after  drying  at  106*  C,  in  vacuo,  until  of  constant  weight. 

Id  the  purification  of  this  protoalbumose,  the  substance  was  repre- 
cipitated  three  times  by  saturating  the  aqueous  solution  of  the  pre- 
cipitate with  sodium  chloride.  By  this  treatment,  as  already  stated, 
there  is  considerable  loss,  inasmuch  as  the  precipitation  of  proto- 
albumose with  salt  in  this  manner  is  never  complete,  considerable 
remaining  each  time  in  the  salt-saturated  fluid.  By  adding  a  very 
little  acetic  acid,  however,  the  protoalbumose  is  completely  precipi- 
tated from  the  salt-saturated  solution.  The  filtrates  therefore,  from 
the  second  and  third  precipitations  of  protoalbumose  with  salt 
alone  were  united,  and  the  albumose  remaining  in  them  precipitated 
by  the  addition  of  a  little  acetic  acid,  saturated  with  sodium  chloride. 
Oar  object  was  to  see  whether  the  protoalbumose  which  had  at  one 
time  been  precipitated  by  salt  alone  and  then  had  finally  become 
solnble  in  the  salt-saturated  fluid,  differed  at  all  in  composition  or  in 
reaction  from  the  protoalbumose  still  insoluble  in  the  salt  solution.   ' 

The  albumose  separated  in  this  manner  was  purified  by  being  dis- 
solved in  water,  the  solution  made  exactly  neutral  with  sodium  car- 
bonate and   dialyzed  for  several  days.     The   fluid   was  then   con- 
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centrated  to  a  syrup  and  the  albumose  precipitated  by  alcohol.  This 
precipitate  was  again  dissolved  in  water,  the  solution  made  exactly 
oeatral  and  again  dialyzed. 

After  suitable  concentration,  the  albumose  was  again  precipitated 
by  alcohol,  washed  with  alcohol  and  ether  and  finally  dried  at  106*  C. 
in  vacuo. 

The  results  of  the  analysis  are  seen  in  the  accompanying  table. 

The  ash  in  this  preparation  is  seen  to  be  much  smaller  than  in  the 
protoalbumose  precipitated  by  salt  alone.  In  other  respects  the  two 
analyses  are  closely  comparable,  particularly  the  carbon  and  sulphur. 

The  reactions  were  in  almost  every  case  the  same  as  with  the  pre- 
ceding preparation,  excepting  perhaps  a  somewhat  greater  solu- 
bility. 

B.     Deuteroalbumose. 

This  body  was  separated  and  purified  in  exactly  the  same  manner 
as  in  the  preceding  digestion.  The  analysis  of  the  product  is  shown 
in  the  accompanying  table.  The  ash  contained  some  calcium  sul- 
phate and  a  little  ferric  oxide.  The  reactions  of  the  body  were  the 
same  as  those  of  A  deuteroalbumose. 

From  this  digestion,  more  or  less  heteroalbumose  was  separated 
bat  no  analysis  was  made  of  the  product,  as  the  amount  was  rather 
small  for  the  necessary  purification. 

Dig€Stio9i  of  Albumin  (7. 

In  the  digestion  of  this  sample  of  coagulated  albumin,  a  much 
more  vigorous  pepsin-hydrochloric  acid  was  employed  than  in  the 
preceding  digestions.  The  freshly  coagulated  albumin  was  placed 
in  3  litres  of  0*4  per  cent,  hydrochloric  acid  and  brought  to  a  tem- 
perature of  46**  C,  then  400  c.  c.  of  a  pepsin  solution,  made  from  a 
pure  glycerin  extract  of  pepsin,  were  added  and  the  mixture  kept  at 
46*  C.  for  24  hours.  The  fluid  was  then  neutratized,  filtered  and  the 
clear  filtrate  saturated  with  sodium  chloride.  The  albumose  bodies 
were  then  separated  and  purified  according  to  the  methods  already 
described. 

The  several  bodies  showed  the  same  reactions  as  observed  in  the 
preceding  preparations. 

Protoalbumose  and  deuteroalbumose  were  analyzed.  The  results 
are  shown  in  the  accompanying  tables.  The  ash  of  the  deutero- 
albumose contained  no  sulphate,  but  was  composed  almost  entirely 
of  ferric  oxide. 

TRAjra  CoHN.  AOAD.,  Vol.  VII.    45  Nov.,  1886. 
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Di/8albumose, 

This  form  of  albumose  was  foand  in  all  three  digestions,  but  the 
amoant  was  much  smaller  than  noticed  in  the  fibrin  digestions.  The 
sabstance  was  obtained  as, an  insoluble  residue,  after  extracting  the 
first  sodium  chloride  precipitate  successively  with  10  and  5  per  cent, 
salt  solutions  and  with  water.  It  was  then  dissolved  in  0*2  per  cent, 
hydrochloric  acid,  and  after  filtration  precipitated  by  neutralization. 
After  precipitation  in  this  manner,  a  portion  of  the  substance  was 
found  soluble  in  sodium  chloride  and  on  dialysis  of  the  solution,  sep- 
arated in  much  the  same  manner  as  heteroalbumose.  The  portion 
slDl  insoluble  in  salt  solution  was  then  washed  thoroughly  with 
water  and  lastly  with  alcohol  and  ether.  Kot  enough  of  the  albu- 
mose was  separated  from  any  one  digestion  for  analysis,  but  by  unit- 
ing the  products  from  all  three,  sufficient  was  obtained  for  the 
following  analytical  data: 

I.  0*2537  gram  substance  gave  0*1500  gram  HjO:=6*57    per  cent.  H 

and  0*4550  gram  CO,=48'92  per  cent.  C. 
XL  0*3700  gram  substance  gave  46*3  c.  c.  N  at  13*8**  C.  and  761  3"^" 

pre8sure=  14*96  per  cent.  N. 
m  0*1354  gram  substance  gave  0*0069  gram  ash=5'09  per  cent. 

The  ash-free  substance  therefore  contained  61*52  per  cent.  C,  6*92 
per  cent.  H,  15*79  per  cent.  N.  The  ash  was  composed  wholly  of 
ferric  oxide. 

The  peculiar  behavior  of  dysalbumose  after  solution  in  either 
dilate  acids  or  sodium  carbonate  and  neutralization,  shows  plainly 
that  the  substance  is  simply  heteroalbumose  rendered  insoluble  by 
action  of  the  sodium  chloride.  Dysalbumose,  wholly  insoluble  in 
sodium  chloride,  is  readily  dissolved  by  sodium  carbonate  of  1  per 
cent,  and  on  neutralization  of  the  alkaline  fluid  is  in  great  part  pre- 
cipitated. The  substance  however,  is  now  soluble  in  sodium  chlor- 
ide and  has  evidently  been  reconverted  into  heteroalbumose.  It 
is  very  apparent,  however,  from  our  results  that  heteroalbumose 
from  egg-albumin  is  not  so  readily  converted  into  dysalbumose  by 
the  action  of  sodium  chloride,  as  heteroalbumose  from  fibrin.  In 
all  three  of  our  experiments,  the  amount  found  was  very  small. 

Further,  it  would  seem  as  if  heteroalbumose  from  albumin  was 
somewhat  more  resistant  to  the  action  of  alcohol  and  ether  than 
heteroalbumose  from  fibrin.  Still  the  former  did  become  quite 
rapidly  insoluble  in  sodium  chloride  after   standing   under  alcohol 
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for  a  short  time.  The  reactions  of  dysalbaraose,  aside  from  it* 
behavior  towards  sodium  chloride,  were  found  to  be  much  thettme 
as  those  of  heteroalbumose. 

Relation  of  the  aUmmoses  to  albumin. 

In  composition,  the  albumosen  from  albumin  are  seen  to  differ  from 
each  other  somewhat  more  than  the  albumoses  from  fibrin ;  ooUee- 
tiveiy,  however,  there  is  less  difference  in  composition  between  the 
alburaose  bodies  and  the  albumin  from  which  they  are  formed,  than 
noticed  in  the  case  of  the  albumose  bodies  from  fibrin.*  In  the 
latter,  however,  there  is  no  guarantee  that  the  fibrin  employed  in 
tbci  experiments  had  the  actual  composition  assigned  to  pore  blood* 
fibriiL  The  fibrin-albumoses  collectively  contained  about  50*6  per 
cent,  of  carbon  and  17*1  per  cent,  of  nitrogen,  while  Hammarrten 
found  fibrin  itself  to  contain  52*6  per  cent,  of  carbon  and  16-9  per 
cent,  of  nitrogen.  In  our  experiments,  on  the  other  hand,  we  have 
for  comparison  the  composition  of  the  albumin  actually  used  in  the 
experiments,  and  in  the  accompanying  table  the  differences  in  com- 
position of  the  various  products  are  plainly  to  be  seen. 

Examining  these  in  detail,  we  see  that  all  of  the  products  showi 
somewhat  smaller  content  of  carbon  than  albumin  itself.  With 
nitrogen,  however,  there  is  a  very  close  agreement  throughout,  and 
with  sulphur  likewise.  In  the  case  of  the  fibrin-albumoses  it  wa> 
considered  that  the  diminished  percentage  of  carbon  indicated  plainly 
that  the  albumoses  were  hydration  products,  and  that  they  were 
formed  from  fibrin  by  simple  hydrolytic  action.  The  results 
obtained  with  the  globuloses  did  not  appear  to  confirm  this  new. 
but  in  this  case  it  must  be  remembered  that  the  digestion  of  globalb 
by  gastric  juice  may  be  quite  a  different  process  from  albumin  diges- 
tion. With  albumin,  however,  the  results,  although  less  pronouncedt 
abo  indicate  hydrolytic  action  and  that  the  products  formed  are 
hydration  products. 

The  following  table  shows  the  extent  of  these  difierences,  and  also 
show^  the  close  agreement  in  composition  between  proto-  and  deutero- 
tilbumose  and  the  so-called  soluble  and  insoluble  hemialbumose  from 
cg^-albumin,  isolated  and  analyzed  by  Kflhne  and  Chittenden  at  the 
commt3ncement  of  their  study  of  these  bodies.* 


♦  See  Zeitachrifl  fiir  Biolog^e,  Band  xix,  p.  174. 
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Fibrin  products. 
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Deuteroalbumose  is  seen  to  contain  0*7  per  cent,  less  carbon  than 
firg^alburain,  while  protoalbumose  contains  fully  1*25  per  cent.  leas. 
Tlie  nitrogen  in  the  two  compounds  is  in  accord  with  the  content  of 
rjirhon  and  the  composition  of  the  two  products  certainly  suggest* 
fiydrolytic  action. 

The  lower  content  of  carbon  in  the  albumose  bodies  has  been  ex- 
[ihiined  by  some  writers  on  the  ground  that  the  precipitants  lued, 
I triticipally  acetic  acid,  would  tend  to  form  an  acid  compound,  and 
that  even  when  dried  and  ready  for  analysis,  the  compound  wonW 
still  contain  some  acid;  which  fact  would  be  sufficient  to  account  for 
thy  low  content  of  carbon  found.  It  is  to  be  noticed,  however,  in 
iliese  results  that  the  deuteroalbumose,  not  only  on  an  average  bat 
11k  €ach  individual  case,  contains  more  carbon  than  protoalbumose. 
wijioh  was  precipitated  by  sodium  chloride  alone  without  the  addi- 
ri"*n  of  any  acetic  acid  whatever.  Further,  comparing  the  two 
I  reparations  of  protoalbumose  B,  one  of  which  was  precipitated 
liy  salt  alone  and  the  other  by  acetic  acid,  it  is  seen  that  tb^ 
|Pt-rcentage  of  carbon  is  the  same  in  both.  Unquestionably  proto- 
liiul  deuteroalbumose  both  do  combine  with  acids,  but  after  neutral- 
i/^aion  and  long  continued  dialysis  the  albumose  body  certainly 
L  xLHts  in  a  free  state,  uncombined  with  either  acid  or  alkali. 

The  greater  portion  of  this  work  was  completed  before  we  had  an\ 
knowledge  of  Dr.  Neuraeister's  work  on  the  complete  separation  ot 
jit atoalbumose  from  deuteroalbumose. I    It  was,  therefore,  too  late  for 


"*  t^  Euhue  and  Chittendeu,  Ueber  die  nachsten  Spaltungsproducte  der  Eiwc  > 
k^irpor.     Zeitschrift  fiir  Biologie^  Band  xix,  p.  174. 

t  Average  of  all  the  products  analyzed.     Zeitschrift  fur  Biologie,  Band  xx,  p.  40. 

X  According  to  Hammarsten.  §  Average  of  all  products. 

II  Kur  Keniitniss  der  Albumosen.     Zeitschrift  fur  Biologie,  Band  xxiii,  p.  381. 
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08  to  lake  advantage  of  his  method  of  separation.  Our  preparations 
ofdenteroalbamose  unquestionably  were  not  wholly  free  from  proto- 
albnmose,  but  that  they  did  not  contain  much  of  this  body  is  evi- 
denced by  the  small  precipitate  obtained  with  cupric  sulphate ;  for, 
as  Dr.  Neumeister  has  recently  shown,  deuteroalbumose  entirely  free 
from  protoalbumose  gives  no  precipitate  whatever  with  cupric  sul- 
phate. 
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XXII. — Casein  and  its  Peimaby   Cleavage  Pboducts.    Bi 
R.  H.  Chittenden  and  H.  M.  Painter,  B.A.,  Ph.B. 

Following  oat  the  general  plan  of  procedure  indicated  some  time 
ago  with  other  albuminous  bodies,*  we  have  endeavored  to  prepare 
and  study  the  primary  products  formed  in  the  digestion  of  parecaseio 
with  pepsin-hydrochloric  acid.  Assuming  that  casein  in  its  conver- 
sion into  peptone  by  aitiiicial  gastric  juice,  passes  through  certtin 
intermediate  stages,  in  which  bodies  akin  to  the  albnraose  bodies 
ait?  formed,  we  have  applied  the  methods  of  separation  used  so  sac- 
cufiKfully  in  the  past  and  have  been  able  to  isolate  a  class  of  bodies 
bearing  the  same  relationship  to  casein  that  the  albumoses  do  to 
atbumin.     For  this  class  of  bodies  we  propose  the  name  of  caseosa, 

Iq  studying  these  substances  and  particularly  their  composition, 
we  deemed  it  essential  to  be  certain  of  the  purity  and  composition 
of  the  casein  to  be  digested ;  particularly  in  view  of  the  recent  con- 
troversy between  Hammai*stenf  and  A.  Danilewsky  as  to  the  single 
tJiiture  of  this  albuminous  body.  Assuming,  as  claimed  by  Dm- 
ilcwsky,^  that  casein  is  a  mixture  of  two  albuminous  bodies  and  that 
the  numerous  analyses  recently  made  by  Hammarsten  of  various 
[^reparations  of  casein  are  incorrect,  particularly  in  the  percentage 
of  sulphur,  made  it  incumbe.nt  on  us  to  obtain  some  data  on  these 
puiiits  confirmatory  of  one  or  the  other  view,  before  advancing  to  a 
^mdy  of  the  products  formed  by  the  digestion  of  casein. 

Of  the  various  methods  used  for  the  preparation  of  pure  casein, 
iJmt  depending  on  repeated  precipitation  by  acids  and  re-solution 
in  alkalies  has  been  the  most  in  vogue ;  for  although  theoretical 
r>fijections  might  be  advanced  as  to  the  possibility  of  change  in  the 
nature  of  the  substance  under  the  influence  of  acids  and  alkalies,  the 
tx  suits  obtained  have  in  some  respects,  at  least,  been  very  satisfac- 
tory. Alex.  Schmidt,  in  conjunction  with  Kapeller,§  showed  pliinlv 
that  dialysis  of  milk  and  then  precipitation  of  the  casein  by  acetic 
iit-id,  while  it  gave  fairly  good  results,  was  not  sufficient  in  itself  to 


*  See  the  preceding  arlicles  on  globuloees  and  albumoses. 

f  See  Zeitschrift  fiir  phyftiologlsche  Chemie.     Band  vli,  p.  227.     Zur  Fraice.  ob  dtf 
c4i!9«iD  ein  einbeitlicher  stofT  sei.     Also  same  volume,  p.  427. 
I  See  Zeitschrift  fur  physiologische  chemie,  Band  vii,  p.  433. 
g  Beitrag  zur  Kenntoiss  der  Milch,  Jahresbericht  fur  Thierchemie,  1874,  p.  154 
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wholly  reraoYe  the  inorganic  salts,  and  thus  recourse  was  had  to 
repeated  precipitation  by  acids,  after  solution  in  dilute  alkalies.  By 
this  method,  Hammarsten*  came  to  the  conclusion  that  nnilk  con- 
tains but  two  albuminous  bodies,  viz :  casein  and  lacto-albumin,  and 
the  same  investigator  has  repeatedly  made  use  of  this  method  for  the 
preparation  of  pure  casein.  Lundbergf  has  plainly  shown  the  notice- 
able resistance  of  casein  to  the  action  of  acids,  and  Hammarsten  has 
indicated  the  possibility  of  using  acetic  acid,  if  necessary,  in  place 
of  the  stronger  hydrochloric  acid.  Millon  and  Commaille,  however, 
have  claimed  that  in  the  precipitation  of  casein  with  either  acid,  the 
precipitate  does  not  consist  of  free  casein,  but  is  a  compound  of 
casein  with  the  acid  used. 

Tliis  erroneous  view,  Hammarsten  shows  depends  simply  on  the 
great  difficulty  of  washing  the  precipitated  casein  completely,  and 
he  suggests  that  it  is  perhaps  impossible  to  prepare  large  quantities 
of  casein  absolutely  pure.  For  the  preparation  oi  the  substance, 
however,  Hammarsten  recommends  acetic  acid  in  preference  to 
hydrochloric  acid  and  final  drying  of  the  compound  at  a  temperature 
of  110^  C. 

Danilewsky  and  Radenhausen,^  however,  prefer  to  use  hydrochloric 
acid  in  the  preparation  of  pure  casein,  and  for  this  purpose  they  use 
skimmed  milk,  diluted  with  4~5  volumes  of  water,  to  which  the  dilute 
acid  is  added  little  by  little,  until  a  good  precipitate  is  obtained. 
After  filtration  and  repeated  washing  with  distilled  water,  the  casein 
is  nibbed  fine,  then  dissolved  in  water  to  which  a  little  ammonia 
has  been  added,  the  fiuid  filtered  and  the  clear  filtrate  again  precipi- 
tated by  the  addition  of  a  little  dilute  hydrochloric  acid.  Casein,  so 
prepared,  after  being  washed  with  distilled  water,  reacts  acid  to  test 
papers  and  shows  the  usual  reactions  of  this  body ;  but  if  when 
freshly  precipitated,  the  substance  is  boiled  with  perfectly  neutral 
50  per  cent,  alcohol  and  filtered  hot,  according  to  Danilewsky  and 
Radenhausen,  the  casein  is  separated  into  two  bodies,  one  of  which 
is  partially  soluble  in  hot  alcohol  and  separates  out  on  cooling,  while 
the  other  is  insoluble.  The  soluble  portion  is  termed  caseoprotalbin, 
the  insoluble  portion  caseoalburain.     The  former,  it  is  stated,  gives 

*  Zor  KeDntDuss  des  Caseins  und  der  Wirkung  des  Labfermentes,  Jahresbericht 
for  Thiercbemie,  1877,  p.  158. 

t  Kleioere  Beitrage  zur  KenDtoiss  des  Caseins,  Jabresbericht  fur  Tbierchemie, 
1876,  p.  11. 

\  UntersucbuDgen  uber  die  Eiweisstoffe  der  Milcb,  Jahresbericbt  ftir  Tbiercbemie, 
1880,  p.  186. 
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no  sulphur  reaction  when  boiled  with  2  per  cent,  sodium  hydroxide, 
but  contains  1M3  per  cent,  of  sulphur,  while  oaseoalbamiD  is  stated  to 
contain  1'23  per  cent,  of  sulphur.  Hence,  according  to  these  investi- 
gators, casein  is  a  mixture  of  two  bodies,  one  of  which  is  rich  in  wl- 
phur,  while  the  other  contains  a  somewhat  smaller  amount  The 
objection  which  these  investigators  make  to  the  use  of  acetic  acid  in 
the  preparation  of  casein,  is  that  from  a  sodium  acetate  solalioD, 
casein  itself  is  not  precipitated,  or  only  in  part,  but  that  the  precipi- 
tate consists  mainly  of  the  protalbin  body.  Farther,  Danilewsky 
and  Radenhausen  claim  that  caseoalbt^min  dissolved  in  1  per  cent, 
sodium  hydroxide  and  allowed  to  stand  for  24  hours  at  the  teinpert- 
ture  of  the  room,  is  changed  almost  completely  into  caseoprotalbio, 
with  loss  of  sulphur  and  calcium  phosphate.  In  a  similar  manner, 
protalbin  dissolved  in  lime  water,  with  addition  of  alcohol  and  pht*- 
phoric  acid,  can  be  changed  into  caseoalbumin. 

Hammai-sten,*  however,  takes  exception  to  these  views  and  poinis 
out  that  the  peculiar  behavior  of  Danilewsky's  casein  towards  boiling 
50  per  cent,  alcohol,  depends  in  part  upon  its  content  of  calcium  phosr 
phate,  the  presence  of  which  impurity  depends  upon  the  use  of  hydro- 
chloric acid  in  the  precipitation  of  the  casein,  which  acid  does  iioi 
favor  the  removal  of  the  salt  as  well  as  acetic  acid.  Using  acetic 
acid  as  the  precipitant  and  then  employing  a  casein  three  times  so 
precipitated,  and  which  analysis  showed  to  be  almost  entirely  free 
from  calcium  phosphate,  Hammarsten,  by  treatment  with  boiling 
alcohol,  was  unable  to  obtain  anything  more  than  a  trace  of  sab- 
stance  corresponding  to  caseoalbumin.  Further,  casein  is  unqoefi- 
tionably  changed  by  boiling  with  alcohol,  as  Hammarsten  clear! j 
shows ;  in  fact  it  is  well  known  that  heating  an  albuminous  body  in 
water  is  liable  to  change  its  nature,. at  least  its  solubility,  and  there 
is  no  reason  why  treatment  with  50  per  cent,  alcohol  should  not  lead 
to  a  like  result.  Again,  Hammarsten  points  out  clearly  another 
inconsistency  in  the  reasoning  of  Danilewsky  and  Radenhausen  in 
connection  with  the  so-called  conversion  of  caseoprotalbin  into  caseo- 
albumin. The  former  body  is  stated  to  be  poorer  in  sulphur  than 
the  latter,  and  yet  we  are  told  that  the  protalbin  body  can  be  con- 
verted into  caseoalbumin  by  simple  solution  in  lime  water  and  adili- 
tion  of  phosphoric  acid,  with  or  without  alcohol.  Yet  how  it  is 
possible  by  this  method  of  treatment  to  convert  a  body  with  a  small 


*  Zur  Frage,  ob  das  Casein  ein  einheitlicher  Stoff  set.  Zeitschrift  ftlr  phjrsiokigiK^ 
chemie,  Band  vii,  p.  227. 
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eoDtent  of  snlpbur  into  a  body  richer  in  sulphur,  is  hard  to  see. 
Much  more  plausible  is  it,  as  suggested  by  Hammarsteu,  that  in 
these  two  bodies  we  have  to  deal  with  the  same  substance,  in  the 
ooe  case  united  with  calcium  phosphate,  and  in  the  other  uncom- 
bioed  with  this  salt ;  or  in  other  words  that  the  so-called  protalbln 
body  in  the  absence  of  calcium  phosphate  is  soluble  in  boiling  50  per 
cent  alcohol,  while  in  the  presence  of  that  salt  it  is  insoluble. 

This  view  being  correct,  and  Hammarsten's  observations  would 
tend  to  show  that  it  is,  it  is  obvious  that  the  caseoprotalbin  of  Dan- 
iienrsky  is  simply  a  portion  of  the  casein,  which,  owing  to  lack 
of  a  sufficient  amount  of  calcium  phosphate,  passes  into  solution  on 
being  boiled  with  dilute  alcohol ;  while  caseoalbumin,  on  the  other 
hand,  is  likewise  a  portion  of  the  casein,  insoluble  on  account  of  the 
presence  of  calcium  phosphate ;  changed,  however,  more  or  less  by 
action  of  the  boiling  alcohol.  Further,  the  reason  why  casein 
precipitated  several  times  by  acetic  acid  does  not  contain  as  much 
calcium  phosphate  as  when  precipitated  by  hydrochloric  acid,  and 
thus  reacts  differently  with  alcohol,  depends  on  the  far  greater  insol- 
ubility of  freshly  precipitated  casein  in  excess  of  acetic  acid  than  in 
hydrochloric  acid.  In  the  precipitation  of  casein  with  hydrochloric 
add  only  the  slightest  excess  of  acid  can  be  added,  on  account  of  the 
ready  solubility  of  the  precipitate  in  this  dilute  acid.  With  acetic 
acid,  however,  a  moderate  excess  can  be  added  without  solution  of 
the  precipitate,  and  thus  in  the  latter  case,  a  larger  proportion  of 
mberal  salts  are  removed  at  each  re-precipitation. 

Danilewsky  and  Radenhausen  have  further  called  attention  to  the 
fact  that  casein  precipitated  with  hydrochloric  acid  yields  a  larger 
amount  of  alkaline  sulphide  than  when  precipitated  by  acetic  acid. 
This  statement,  Hammai*sten  has  several  times  been  able  to  verify, 
bat  the  latter  investigator  seeks  an  explanation  for  this  fact  in  the 
occasional  presence  of  a  second  albuminous  body,  richer  in  sulphur, 
presumably  serum-globulin,  precipitable  like  casein  by  acids.  Serum- 
globulin  too,  is  readily  soluble  in  excess  of  acid,  even  more  so 
than  casein,  and  hence  by  the  acetic  acid  method  of  precipitation, 
which  allows  a  far  greater  excess  of  acid,  the  casein  would  be  much 
less  liable  to  contamination  by  this  hypothetical  globulin  than  by  the 
hydrochloric  acid  method.  In  this  connection  it  may  be  well  to 
notice  that  Mnsso  and  Menozzi*  claim  the  presence  in  milk  of  a 
peculiar  albuminous  body  containing  63'74  per  cent.  C,  15-52  per 


*  Stadi^D  uber  daa  Eiweiss  der  Milch.  Jahresberioht  fur  Tbierchemie,  1878,  p.  139. 
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cent.  N  and  1*55  per  cent.  S,  for  which  they  claim  a  poatioo 
midway  between  seram-albumin  and  casein.  It  can  be  partially  p^^ 
cipitated  from  fresh  milk  at  ordinary  temperatures  by  the  additioo  ol 
acetic  acid.  Further,  Lebelien*  has  proved  the  presence  in  milk  oft 
globulin-like  body,  lacto-globulin,  which  .can  be  precipitated  by  satu- 
rating the  fluid  remaining  after  removal  of  the  casein  with  sodiao 
chloride,  with  *  magnesium  sulphate.  The  substance  appears  to  be 
identical  with  paraglobulin,  and  thus  this  fact,  just  discovered,  would 
seem  to  confirm  Hammaraten^s  theory  as  to  the  cause  of  the  gretter 
content  of  sulphur  sometimes  noticed  in  casein  precipitated  by  hydro- 
chloric acid. 

Accepting  then,  Hammarsten's  views  as  correct,  it  is  obvioaa  tbt 
casein  precipitated  by  acetic  acid,  if  not  a  single  body,  must  be  com- 
posed of  two  bodies,  more  or  less  alike  and  both  precipitable  bj 
dilute  acids.  In  attempting  to  settle  this  point  definitely,  Hammars- 
ten  has  sought  by  analysis  of  a  large  number  of  preparations  mide 
under  different  conditions,  to  obtain  data  as  to  the  exact  compodtios 
of  casein  variously  prepared.  Naturally  in  this  connection,  consider- 
able attention  was  paid  to  the  content  of  sulphur,  since,  DaDilein4y 
and  Radenhausen's  views  being  correct,  variations  in  the  content  of 
sulphur  would  naturally  be  expected.  If  casein  is  a  mixture  of  eqaal 
parts  of  caseoprotalbiu  and  caseoalbumin  with  1*13  per  cent,  and 
1*23  per  cent,  of  sulphur,  respectively,  then  casein  itself  would  nit- 
urally  contain  1*18  percent,  of  sulphur;  an  amount  somewhat  higher 
than  has  been  found  heretofore. 

Recently,  Dainlewskyf  has  modified  his  views  somewhat,  and  no* 
considers  casein,  as  before,  to  be  a  mixture  of  two  distinct  bodiee, 
but  of  nucleoalbumin  with  nucleoprotalbin  instead  of  caseoalbamin 
and  caseoprotalbiu.  As  the  reactions  of  these  two  bodies  are  apptr 
ently  much  the  same  as  those  given  as  characteristic  of  the  caseo- 
bodies,  this  change  of  view  appears  to  be  mainly  a  change  of  name. 
Danilewsky  still  claims  the  correctness  of  the  high  content  of  sal- 
phur  in  casein  and  assumes  that  the  variation  in  the  results  obtained 
by  different  workers  is  due  simply  to  difference  in  the  methods  of 
determination,  and  that  unquestionably  pure  casein  contains  over  l*^^ 
per  cent,  of  snlphur. 

The  content  of  sulphur  in  casein  as  determined  30-40  years  ago  by 


*  Boitrag  zur  Kenntnisa  der  Eiweisskorper  der  Kiibmilch.     Jahresbericbt  fur  Thitr- 
chemie,  1885,  p.  184. 
\  See  Zeitschrif t  f iir  ph jsiologische  chemie,  Band  vii,  p.  433. 
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Lehmann,  Rflhling,  Vdlckel  and  others,*  varies  from  0'85  per  cent  to 
1*10  per  cent.  Kittbansen^f  from  several  analyses  of  the  copper 
compound  of  casein,  found  a  content  of  sulphur  equivalent  to  0*80- 
M2  per  cent,  in  the  free  casein.  Schwarzenbach,;^  by  a  study  of  the 
platinum  cyanide  compound  of  casein,  ascribed  to  casein  itself  a  con- 
lent  of  O'19-l'lO  per  cent,  of  sulphur.  Hammarsten,  however,  found 
by  analysis  of  eight  distinct  preparations  of  casein,  some  of  which 
had  been  reprecipitated  even  ten  times  with  acetic  acid,  a  content 
of  sulphur  ranging  from  0*619  per  cent,  to  0*776  per  cent. §  Later, 
Hammarsten  I  analyzed  four  other  preparations  of  casein  and  each 
by  six  distinct  methods.  Omitting  two  or  three  results,  which  were 
altogether  too  low  on  account  of  inaccuracies  in  the  method,  Ham- 
marsten found  in  these  different  preparations  of  casein,  as  a  result 
of  twenty-nine  distinct  determinations  by  five  difierent  methods, 
0i98  per  cent,  as  maximum,  0*726  per  cent,  as  minimum,  or  0*768 
per  cent  as  the  average,  content  of  sulphur.  Taking,  however,  the 
results  obtained  by  what  Hammarsten  considers  as  the  more  correct 
methods  the  average  content  of  sulphur  is  raised  to  0*77-0*78  per 
cent.  In  no  case  did  Hammarsten  obtain  results  in  any  way  con- 
firmatory of  Danilewsky's  views.  Hammarsten  further  made  a  large 
number  of  phosphorus  determinations,  and  these  as  well  as  the  results 
obtained  for  carbon  and  nitrogen  showed  too  little  variation  to  war- 
rant the  idea  of  a  mixture  of  two  bodies  of  unlike  composition. 
While  therefore,  Hammarsten^s  results  would  seem  to  point  conclu- 
sively to  the  unit-like  nature  of  casein,  we  have,  however,  made  quite 
a  number  of  different  preparations  of  the  stibstance,  both  from  fresh 
milk  and  from  skimmed  milk,  with  the  idea  of  obtaining  confirmatory 
data,  with  which  to  make  direct  comparisons  between  the  composi- 
tion of  casein  and  its  primary  cleavage  products. 

Preparation  and  composition  of  Casein. 

The  casein  was  precipitated  in  some  cases  by  acetic  and  in  others 
by  hydrochloric  acid.    In  both  cases  the  acid  used  was  very  dilute, 

*See  Omelin-Eraats'  Handbuch  der  Organische  Chemie,  Band  iv,  Abtheilung,  iii, 
1810,  p.  2254. 

t  H.  Ritthaaaen  und  R.  Pott,  Untersuchungen  uber  VerbindiiDgen  der  Eiweisskorper 
mil  Kupleroxyd,    Journal  far  prakt  Chemie,  1873,  Band  vii,  p.  361. 

t  Anoalen  der  Chem.  u.  Phanoacie,  Band  cxxxiii,  p.  185. 

§  Zeitsehrift  f&r  phTsiologische  Chemie,  Band  vii,  p.  259. 

I  Ueber  den  Gehalt  dee  caseins  an  Schwefel  und  uber  die  Bestimmung  des  Schwefels 
in  Proteinsubfttanzen.    Zeitsehrift  fur  physiolog^sche  chemie,  Band  ix,  p.  2*73. 
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the  hydrochloric  acid  being  0*2  per  cent.  In  dissolving  the  caseio 
for  re-precipitation,  a  very  dilute  solution  of  ammonium  hjdrox- 
iiTc  was  employed ;  in  fact  so  dilute  as  to  consist  of  hardly  moretloo 
water  with  a  trace  of  ammonia.  We  used  ammonia,  in  preference  to 
sodium  or  potassium  hydroxide,  as  this  alkali  would  seem  less  liable 
to  induce  any  alteration  in  the  content  of  sulphur.  Further,  in  dis- 
solving the  casein  in  ammonia,  the  solution  at  no  time  became  more 
than  very  faintly,  if  at  all  alkaline;  usually  being  hardly  more  than 
neutral  to  test  papers. 

The  general  method  of  procedure  was  to  dilute  fresh  cow'a  milk 
with  about  four  volumes  of  water  (skimmed  milk  diluted  considerabk 
less)  and  then  to  precipitate  the  casein  with  either  hydrochloric  or 
acetic  acids,  adding  tlie  precipitant  cautiously,  until  complete  predpi- 
tation  was  obtained.  The  precipitate  was  then  washed  as  oompletdy 
fiB  possible  with  large  quantities  of  water,  both  by  decantation,  tritura- 
tion with  water  in  a  mortar  and  on  a  cloth  filter.  The  casein  was 
then  dissolved  in  the  ammonia  water,  filtered  through  paper  aod 
reprecipitated,  each  time  being  thoroughly  washed  with  water.  In 
the  portion  used  for  analysis,  the  final  precipitate  was  farther  washed 
with  alcohol  and  ether  and  lastly  soaked  in  a  mixture  of  alcohol  aed 
ether  for  the  more  complete  removal  of  any  fat.  The  preparations 
were  then  dried  in  the  air  and  lastly  on  a  water  bath  at  a  gentle  heal 
When  dry,  they  were  powdered  and  extracted  with  boiling  ether 
in  a  fat  extractor  for  several  hours,  to  insure  complete  freedom 
from  fat.  Ultimately,  the  products  for  analysis  were  dried  at  105°  C. 
in  vacuo  until  of  constant  weight. 

In  all,  seven  preparations  of  casein  were  made  for  analysis,  tf 
follows : 

No.    I.  From  fresh  milk,  precipitated  twice  with  hydrochloric  add. 

**     II.  From  fresh  milk,  precipitated  twice  with  acetic  acid. 

III.  From  skimmed  milk,  precipitated  three  times  with  acetic  acid. 

'     IV.  A  portion  of  No.  Ill,  precipitated  a  fourth  time  with  acetic  acid. 

*     V.  From  skimmed  milk,  precipitated  three  times  with  hydrochlonf 
acid. 

VI.  A  portion  of  No.  V,  precipitated  a  fourth  time  with  hydrochloric 

acid. 

VII.  From  skimmed  milk,  precipitated  four  times  with  hydrodJoric 

acid. 

The  methods  of  analysis  were  essentially  the  same  as  those  em- 
ployed  by  Ktihne  and  Chittenden  in  the  analysis  of  the  various  albu- 
niose  bodies.     Carbon  and  hydrogen  were  determined  by  corobu«- 
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tioD  with  oxygen  in  an  open  tube,  the  gases  passing  over  a  long  layer 
of  granular  oxide  of  copper  at  a  bright  red  heat,  a  layer  of  lead  chro- 
mate  at  a  dull  red  heat  and  a  roll  of  freshly  reduced  metallic  copper. 
Nitrogen  was  determined  as  nitrogen  gas  by  combastion  with  oxide 
of  copper,  the  gases  passing  over  a  long  anterior  layer  of  heated 
oxide,  a  short  layer  of  metallic  copper  and  a  final  layer  of  oxide  of 
copper.  The  tube  was  exhausted  with  a  Sprengel  pump  before  and 
after  the  combustion  and  the  nitrogen  was  collected  in  a  Schiffs'  azo- 
tometer,  provided  with  a  jacket  tube  for  rapid  cooling  of  the  gas  to  a 
constant  temperature.  In  the  determination  of  sulphur  and  phospho- 
rus, the  substance  was  fused  with  a  mixture  of  potassium  hydroxide 
aod  potassium  nitrate  (10  grams  of  the  former  and  1*5  grams  of  the 
latter)  in  a  silver  crucible,  according  to  the  method  designated  by 
Hammarsten  *  as  la.  In  order  to  economize  time,  a  single  fusion  was 
made  to  serve  for  both  a  sulphur  and  phosphorus  determination ;  in 
other  words,  a  sufficient  amount  of  casein  (usually  1*2  grams)  was 
fused  with  potassium  hydroxide  and  nitrate,  the  fused  mass  dis- 
solved -in  water,  the  solution  made  up  to  a  known  volume  and  then 
one-half,  representing  one-half  of  the  original  substance,  was  used  for 
the  sulphur,  the  other  half  for  the  phosphorus  determination.  Both 
the  alkali  and  the  nitrate  were  free  from  sulphur  and  phosphorus ;  at 
least  to  such  an  extent  that  in  a  blank  experiment,  the  resultant 
solutions  gave  no  precipitate  whatever,  with  either  barium  chloride 
or  with  molybdic  solution.  The  oxidations  were  made  at  as  low  a 
temperature  as  possible,  except  towards  the  end  when  the  temperature 
was  raised,  and  occasionally  a  little  more  nitrate  added,  to  facilitate 
complete  oxidation. 

As  the  percentage  of  sulphur  was  quite  an  important  point,  we 
took  particular  pains  to  have  the  final  acid  fluid  entirely  free  from 
nitrate  and  nitrite,  as  well  as  from  any  excess  of  hydrochloric  acid, 
tio  as  to  avoid  as  much  as  possible  any  solvent  action  on  the 
barium  sniphate.  For  the  determination  of  sulphur,  therefore,  the 
alkaline  solution  of  the  fused  mass  was  acidified  distinctly  with  hy- 
drochloric acid  and  the  acid  solution  evaporated  to  perfect  dryness 
on  the  water-bath.  In  this  way  the  objectionable  nitrate  and  nitrite 
were  removed.  The  residue  was  then  moistened  with  hydrochloric 
acid,  taken  up  in  water,  and  the  solution  allowed  to  stand  until  any 
chloride  of  silver  present,  had  settled  out.  The  fluid  was  then  fil- 
tered and  precipitated  as  usual  with  barium  chloride.     For  phos- 


•  Zeitachnfi  fur  physiologische  Chemie,  Bond  ix,  p.  289. 

T&AKs.  CoiTK.  Acad.,  Vol.  VII.    47  Nov.,  1886. 


5^0 


Chittenden  and  Painter —  Casein  and  its 


t- 


«  S  5 
<c2^ 


^-w. 


°  s  +  s 


sz;>^ 


a, 


0"«. 


S'w. 


S1§ 

«M    00 


ilti 


o 
>5 


O        O 


6 


o 
o 


g 


O)      o         , 

3    S     : 


I  I  I 


o 


S       S       iO       to 

:?    S    $    S 


^   S     :     :     : 


I  I  • 


5      fc:: 


000000 


E  ^  ^  ^  g  a 


;  !  1 6 


1 


^ 


S        I    I  *o  I  !   • 

^    ^  ^   •  •  :  '. 

•«s     ©»  o    ;  '  :  . 

CO  r^   •  •  ;  ; 

oj  1-1    •  •  ;  , 

gt-  .  :  .  • 


Primary  Cleavage  I^oducts. 


371 


'Sia 


c-vi 


S^H 


?|- 


£ 
•S 


•     o     6 


i     i     i   ®   ? 

•       •  o     o 


s 


o     o 
o     o 


6     6 


s  s 


le     lb 


CQ     le 

i  I 


■11: 


;     0(1     op 


d 

: 

: 

0» 

Si::::: 

• 

' 

'^ 

'^»« 

o>^ 

s 

1 

;::;!;: 

CO, 
found, 
gram. 

0-7187 
0-9690 

B^ 

8   ?     :     :     i     i     i     i     i     : 
«   t-     .     .     

S     :     :     :     : 


CO 

o 


JO  O'rf  S         ®      ^      s      'T      ® 
s°Sa  S       ^       S       S       9 

003  s2        ^T^^*P 


O       t*       M3       t-       ^       ^ 

ooooooooo 


o 
»5 


«SE:>^^|a>^ 


i 


e5       •       •       •       • 

I 


:;:<=■: 


s  ;  :  ;g  : 


:  :$  :  : 
:  :«  :  : 


s 


SS  :  :  : 
gi   :   :   : 


on  ^  09  PL,  o 


B72 


ChiUenden  and  Painier —  Ctuein  and  its 


3    $ 


P^'M 


s 


bos  O 


S^  w. 


s 


0 

^     . 

p      -^ 

IK  fc 

*         ■      t^ 

us 

j          1      0 

H^ 

■               1          *-H 

*               1          Ct 

CO        -H 


o     0 


g5 


'  s  s  ;2^  5 

I  QO  ^  °0     * 

,  <b  c>  2    j 


!     !  lb 


S3  : 


JSXA 


1^  Cl 


'^  «     I     :r     IP 


5  -  S  B 

ifti  -^  =i 


i^  t'5  flO 

S  S  §" 

CO  «  Tt 

i  O  6 


I— I         1^         1^ 


<D  QD  L'3  = 

CS  «aD  «  S 

■-f  ^  QO  W 

ifb  u%  ^1  '^ 

o  o  o  o 


>^  N^  hi  l-HI  I 

^   ^   p   p    I 


O  rt  ^  OD^O 


yc^'TT'^' . 


Primary  Cleavage  Products. 


373 


< 


Ml 


&4V< 


'i.l 
I  as 


^o 


;     So      S 


s 


Id 


H 

CU^M  tC 

0-0189 
0-0181 

<DM 

0-78 
0-84 

0-0850 
0-0868 

5?^ 

16-66 

15-87 

i   I   I 


:   %   2 


o* 


S    3 


OSS 

^^1 


i  I 

©     6 


^ 


o     o     o     o     o     o     o 


a  S  b  "^  ^  ^ 


en 


a 


o 


8)  o^  sp  ^  ^  ^  ^ 

g    •i  S  00  00  00    Oi 

©  ?i  t^  ^  <2>  Q)  fi 

<5 


....  go     . 

:  I  :   ;  6  : 


I 


*      •      I      I  00      •      • 

I  .  .  .©  .  . 


^  ;  :  ■  e   • 


1   :   :S   :   :   : 


g§   :   :    ;   : 


g^   : 

1     I     I 

9;:   ; 

•    •    : 

S^   ■ 

.    • 

u  n  K 

QD  Pk  O 

374 


Chittenden  and  Painter — Casein  and  its 


r 


s 


3 

o 


§ 

5 


I- 


^.5 


fi^-w. 


bo  Jo 


OQ^ 


5ii 


:o 


•I'd  d 


W"«. 


eg  s 

i)  i  •^'  a 


S5 


s  s 


3 

6 


o 


i 


•       00 

:    9 


S 


S    I    I 

^        -r-l        O 


S 

t- 


'S;5 


< 


s  s  s  s 

C^  CO  QP  CP 

»  th  o  2 

lO  op  m  « 

6  o  o  6 


©     ©     o 


© 


s 


«.Hg^>^^3H 


.  N  Qq  ^ 


:2 


1 

s 
•S 


:S 


I  lb 


I 


s 


3 


O  tS  S5  aofcO 


Primary  Cleavage  Products, 


376 


■  BO 


OiH 


o     o 


M<^  Q  4.  « 
•  S  T  c 


Jz;^ 


^1 


••2  ^ 


'      ^>K 


So 


3  »  I  S 


;g 


s 


o     o 
o     6 


.    S    S     :     : 

loo       !       ! 


'l 

is 
la 

760-8 
760-8 

a 

^? 

19-6 
20-4 

47-8 
49-7 

c 

3\*^ 

62-76 
62-69 

s  s 


o 


i 


0» 

i 


0? 


Ba^>^^ga« 


tv    to    Q> 


QO    2 


O      I 


o    ; 


!    !  o 


•     •  op 
!     \  o 


o 

rH 


f  i 


o  n  ^  GQ  pk  o 


376 


Chittenden  and  Fainter — Casein  and  its 


3 


4    S 


Ch>J«. 


?-§  + 

bcJO 

aw 


§z& 


cavi. 


*  ^M  a 

«5§ 


525  >^ 


55 


g  s 


;     :   S8     : 

'       '     6       ' 


o 

s 


:   S 

I     6 


5  ^  ^^^2 


£ 

00 

lO 

|s 

i   i  g 

760 

Oh 

'            ' 

•    "? 

CI 

^? 

:     ;    8 

s    i 

I 


I 

1 


; 

i 

3 

i   i   i  .!   ; 

0>A 

s 

s 

; 

•  1            1            •            1 
1             1            1            •            1 

•  1            •             1            • 

CO, 
found, 
gram. 

i 

o 

o 

i 

i  M  M 

W'^ 

«e 

>; 

1        •        1        i        1 
•        ••II 

s 

00 

o 

6 

1 

i     ;     :     i     i 

it 

^  s 

CO 


g, 


g 


CD        CO 
O   .    6 


^ 


s 


s 

t- 


O  W  ^  «  A^C 


o 


a  S  &;  >  ^  ^  S 


Primary  Cleavage  Products,  37? 

phorus,  the  alkaline  flnid  was  acidified  with  nitric  acid,  evaporated 
to  dryness,  the  residue. dissolved  in  a  little  water  acidified  with  nitric 
acid,  filtered,  and  the  phosphoric  acid  precipitated  in  the  usual  man- 
ner with  ammonium  molybdate.  After  standing  24  hours  at  40^  C. 
this  precipitate  was  filtered  off,  dissolved  in  ammonium  hydroxide 
and  the  phosphoric  acid  re-precipitated  as  ammonio  magnesium  phos- 
phate and  ultimately  weighed  as  magnesium  pyrophosphate.  The 
accompanying  tables  show  the  result*  of  the  analyses  of  the  different 
samples  of  casein. 

Comparing  now  the  average  composition  of  these  different  prepa- 
rations of  casein,  it  is  to  be  seen  that  they  all  show  a  very  close 
agreement  throughout.  Thus  the  percentage  of  phosphorus  in  the 
seven  preparations  varies  only  from  0*84  to  0*89,  sulphur  from  0'76 
to  0*89,  nitrogen  from  15-75  to  16*08,  hydrogen  from  7*01  to  7*11  and 
carbon  from  53-19  to  53*53  ;  or  leaving  out  one  preparation  which  for 
some  reason  showed  a  high  content  of  carbon,  from  53-19  to  53*39 
per  cent.  The  results  therefore  show  a  constancy  in  composition 
fully  as  marked  as  observed  by  Hammarsten  and  thus  tend  to  confirm 
the  latter  in  the  view  that  casein  is  a  single  body  of  definite  com- 
Dosition. 

Comparing  our  results  collectively,  with  those  obtained  by  Ham- 
marsten (see  table  showing  average  composition),  we  find  a  fairly 
close  agreement  throughout,  although  minor  differences  are  to  be 
observed.  First,  all  of  our  preparations  show  a  content  of  carbon 
somewhat  higher  than  found  by  Hammarsten.  The  latter  investiga- 
tor found  the  carbon  in  his  preparations  to  vary  from  52*78  to  53*09 
per  cent.,  while  in  all  of  our  preparations,  the  content  of  carbon  cal- 
culated to  tbe  ash-free  substance  is  above  53  per  cent..  The  possi- 
bility of  our  preparations  still  containing  some  fat  was  rendered 
improbable  by  the  thorough  treatment  with  ether  which  they  had 
received,  and  further  by  the  fact  that  the  nitrogen  in  our  preparations 
was  also  somewhat  higher  than  found  by  Hammarsten.  One  of  the 
preparations,  however,  with  a  high  content  of  carbon,  was  extracted 
again  for  several  hours  with  boiling  ether,  but  on  analysis  the  con- 
tent of  carbon  was  found  unchanged.  The  content  of  phosphorus 
agrees  exactly  with  Hammai-sten's  results,  while  the  sulphur  is,  on  an 
average,  O'l  per  cent,  higher.  There  is  nothing  in  the  content  of  sul- 
phur, therefore,  to  even  suggest  confirmation  of  Danilewsky's  views. 
The  amount  of  ash  in  our  preparations  was  somewhat  larger  than 
found  by  Hammarsten  and  further,  there  is  no  especial  connection  to 
be  seen  between  the  content  of  ash  and  the  precipitant  used;  the 

TaAKS.  COKN.  ACAD»  YoL.  YIL     48  Nov.,  1886. 
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amount  in  the  acetio  acid  precipitate  being  fnlly  as  large'as  in  the 
casein  precipitated  by  hydrochloric  acid. 

Compared  with  Ritthaasen's  results  (see  table  showing  average 
composition),  obtained  by  analysis  of  the  copper  compound  of  casein, 
the  percentage  of  carbon  comes  very  much  too  high.  It  is  question- 
able, however,  how  close  a  comparison  should  be  drawn  between 
indirect  results  obtained  by  analysis  of  a  metallic  compound  of 
casein  and  those  obtained  by  analysis  of  casein  itself. 

In  conclusion  then,  we  must  affirm  that  our  results  accord  closely 
with  those  of  Hammarsten's,  while  the  two  together  make  it  very 
improbable  that  in  casein  we  have  to  do  with  a  substance  composed 
of  two  bodies  of  unlike  composition. 

Digestion  of  Casein  and  Formation  of  Caseoses. 

In  the  digestion  of  casein  with  pepsin-hydrochloric  acid,  the  casein 
was  prepared  by  precipitation  and  reprecipitation  with  acetio  acid, 
and  rendered  as  pure  as  possible  by  thorough  washing  with  water. 
While  still  moist  it  was  placed  in  0*4  per  cent,  hydrochloric  acid,  as 
preliminary  to  its  treatment  with  pepsin.  Pure  pepsin  solution,  free 
from  peptone  and  albumose,  was  prepared  from  the  mucous  mem- 
brane of  pig's  stomachs  by  the  method  already  described.* 

Digestion  A. 

1300  grams  of  moist  casein  in  4  litres  of  0'4  per  cent,  hydrochloric 
acid  were  brought  to  a  temperature  of  46*  C.  and  600  c.c.  of  pure 
pepsin  solution  added.  The  mixture  was  kept  at  a  temperature  of 
45*  C.  throughout  the  digestion.  The  casein  began  almost  immedi- 
ately to  swell  up  and  in  less  than  an  hour  the  entire  mixture  was  con- 
verted into  a  semi-solid,  jelly-like  mass.  Thereupon,  one  litre  more 
of  0-4  per  cent,  hydrochloric  acid  was  added,  together  with  a  little 
more  pepsin  solution.  At  the  end  of  three  hours,  the  mixture  was 
quite  fluid,  but  contained  considerable  gelatinous  matter  in  suspension. 
Xeulralization  of  a  filtered  portion,  produced  no  precipitate  whatever. 
The  addition  of  crystals  of  sodium  chloride  gave  a  heavy  white  pre- 
cipitate and  the  filtrate  from  this  precipitate  gave  a  further  precipi- 
tate on  the  addition  of  acetic  acid.  At  the  end  of  four  hours,  the 
entire  mixture  was  made  neutral  with  sodium  hydroxide  and  then 
filtered  through  paper.  The  undigested  residue,  when  diy,  amounted 
to  about  30  or  40  grams.    This  residue  of  so-called  casein  dyspeptone. 


*  See  the  preceding  article  on  egg-albumin  and  albumoses. 
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which  appeared  in  every  digestion  in  greater  or  less  quantity,  was 
apparently  wholly  insoluble  in  fresh  portions  of  gastric  juice  and 
was  similar  in  its  reactions  to  the  like-body  previously  described  by 
Lubavin.*  When  fresh,  it  appeared  as  a  more  or  less  jelly-like 
mass,  much  like  starch  paste.  It  was  readily  soluble  in  dilute  alkalies 
and  precipitated  by  neutralization,  but  insoluble  in  excess  of  acid. 
It  wis  precipitated  from  its  solution  in  dilute  sodium  hydroxide  by 
addition  of  salt  in  substance.  This  body  we  did  not  attempt  to 
study  further,  but  hope  to  do  so  later. 

The  filtrate  from  the  undigested  residue,  when  cold,  was  not  pe^ 
fectly  clear  but  became  so  on  the  application  of  a  gentle  heat.  On 
boiling  the  solution,  a  very  slight  precipitate  was  formed.  The  addi- 
tion of  acids,  hydrochloric,  nitric  or  acetic,  either  concentrated  or 
dilute,  caused  a  heavy  white  precipitate,  not  wholly  soluble  in  excess 
of  acid,  even  of  concentrated  hydrochloric.  The  precipitate  was 
likewise  more  or  less  permanent  when  warmed  or  even  boiled  with 
the  acid.  In  the  filtrate  from  the  precipitate  produced  by  acetic 
acid,  the  addition  of  potassium  ferrocyanide  gave  no  precipitate 
The  precipitate  produced  by  acids  was  readily  soluble  in  dilute 
alkalies.  On  addition  of  nitric  acid,  of  any  strength,  and  the  appli- 
cation of  heat  even  to  boiling,  the  mixture  turned  first  rose  color  then 
reddish,  and  as  the  boiling  was  continued  the  color  deepened  and 
finally  became  brownish  red.  The  change  from  rose  color  to  brovn 
also  takes  place  in  the  cold.  With  concentrated  nitric  acid  the  color 
is  nearer  the  yellow  of  the  xanthoprotein  reaction,  but  still  shows 
plainly  the  brown  or  reddish  tinge. 

For  separation  of  the  individual  caseoses,  the  entire  solution  with- 
out being  concentrated,  was  saturated  with  sodium  chloride,  bv 
which  an  exceedingly  heavy'  precipitate,  more  or  less  curdy,  was 
obtained,  which  was  finally  filtered  off  and  washed  with  saturat^'i 
salt  solution.  The  washing  was  made  more  thorough  by  grinding 
the  mass  with  the  salt  solution  in  a  mortar.  This  precipitate,  by 
analogy,  would  naturally  be  composed  mainly  of  a  body  correspond- 
ing to  protoalbumose  with  possibly  something  corresponding  to  bet«- 
roalbumose.  The  precipitate  wjis  washed  thoroughly  with  saturated 
salt  solution,  dissolved  in  water,  filtered,  and  again  precipitated  by 
saturation  of  the  fluid  with  sodium  chloride.  All  of  the  substance, 
however,  was  not  reprecipitated ;  quite  a  little  remained  in  the  salt- 


*  Ueber  die  Kunatliche  Pepsin-Verdauung  des  caseins,  etc.,  Hoppe-Scyler's  M<< 
Cliomisclie  Untereuchungen,"  p.  467. 
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saturated  fluid  and  was  thrown  down  as  a  white  curdy  precipitate 
by  the  addition  of  a  little  acetic  acid,  evidently  some  protocaseose 
not  precipitated  by  salt  alone.  The  main  precipitate  of  protocaseose, 
etc.,  twice  precipitated  by  salt,  was  treated  with  3  litres  of  10  per 
cent,  salt  solution,  the  residue  with  3  litres  of  5  per  cent,  salt  solution 
and  the  residue  still  remaining,  with  3  litres  of  water.  In  this  man- 
ner, all  of  the  proto  and  heterocaseose  was  dissolved,  leaving  a 
small  residue  wholly  insoluble  in  dilute  salt  solutions  and  in  water; 
presumably  dyscaseose.  The  latter,  however,  was  in  exceedingly 
small  quantity.  It  was  dissolved  in  0*2  per  cent,  hydrochloric  acid 
and  reprecipitated  by  neutralization  of  the  solution  with  sodium 
carbonate. 

A.  Protocaseose. 

The  b  and  10  per  cent,  salt 'solutions  of  protocaseose  together  with 
the  aqueous  solution,  were  united  and  the  mixture  saturated  with 
sodium  chloride.  Here,  as  before,  all  of  the  protocaseose  was  not 
precipitated ;  a  portion  remained  in  the  filtrate  and  was  precipitated 
only  on  the  addition  of  a  little  acetic  acid.  The  main  portion  of  the 
protocaseose  precipitated  for  the  third  time  with  salt  in  substance, 
was  dissolved  in  water,  the  solution  filtered  and  divided  into  two 
parts.  One  part  was  thymolized  and  dialyzed  in  running  water 
until  all  chlorine  was  removed  from  the  solution  (Protocaseose  A  1). 
The  other  part  was  again  saturated  with  salt,  the  precipitate  washed 
with  saturated  salt  solution,  then  dissolved  in  water  and  lik^  the 
former  dialyzed  until  all  chlorine  was  removed  from  the  solution 
(Protocaseose  A  2).  In  protocaseose  2,  there  was  more  evidence  of 
the  presence  of  a  body  resembling  heteroalbumose  than  in  No.  1. 
Thus  in  No.  2,  quite  a  little  gummy  substance  separated  from  the 
solution  on  dialysis,  but  the  amount  even  here  was  not  large.  When 
the  dialysis  was  finished,  both  solution^  were  perfectly  neutral  to 
test  papers  and  in  both  cases  the  protocaseose  was  separated  from 
the  clear  fluid  by  evaporation  and  precipitation  with  alcohol.  For 
analysis,  both  products  were  washed  thoroughly  with  alcohol  and 
ether  and  finally  dried  at  105°  C.  in  vacuo. 

Their  composition  is  shown  in  the  accompanying  tables. 

As  already  stated,  every  time  protocaseose  was  dissolved  in  water 
and  reprecipitated  by  saturating  the  solution  with  sodium  chloride, 
a  certain  amount  of  the  substance  remained  in  solution,  precipitable 
only  on  addition  of  a  little  acetic  acid.  Protocaseose  precipi- 
tated from  the  salt-saturated  solution  in  this  manner  by  acetic  acid, 
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waa  found  to  be  quite  different  in  its  nature  from  protoalbamose  or 
protoglobulose.  The  two  latter  undoubtedly  combine  with  acetic 
acid,  when  precipitated  from  a  salt-saturated  fluid;  the  compound, 
however,  is  readily  and  completely  soluble  in  water.  With  proto- 
cai^eose  on  the  other  hand,  acetic  acid  produces  a  precipitate,  not 
only  insoluble  in  the  salt-saturated  fluid,  but  also  more  or  less  insolo- 
bli!  in  water  containing  a  little  acid.  It  is  easily  soluble  in  dilate 
alkali  and  alkali  carbonate,  and  is  not  precipitated  by  nentralizatioD 
wit,h  hydrochloric  or  acetic  acid.  Addition  of  acid,  however,  beyond 
uoiitralization  immediately  causes  precipitation  of  the  caseose. 

Protocaseose  once  precipitated  with  salt  and  which  on  the  second 
precipitation,  failed  to  separate  from  the  salt-saturated  fluid,  wa.< 
precipitated  by  a  little  acetic  acid,  washed  somewhat  with  water, 
ditjsolved  in  very  dilute  sodium  carbonate  solution,  neutralized  and 
then  dialyzed  in  running  water  for  nearly  a  week.  The  eolation 
was  then  perfectly  neutral  to  test  papers  and  was  likewise  perfectly 
cU  ar.  It  was  evaporated  to  a  syrup  and  the  caseose  precipitated 
by  alcohol.  After  being  washed  with  alcohol  and  ether,  it  was 
dried  at  105°  C.  in  vacuo  until  of  constant  weight,  and  then  analyied 
with  the  following  results: 

Protocaseose  A  3. 

L  0-3703  gram  substance  gave  0*2160  gram  H,0  =  6-48  percent.  Hand 
wnryQO  gram  CO,  =47*86  per  cent.  C. 

IL  0-4200  gram  gave  50*9  c.  c.  N  at  21*2°  C.  and  765-0«"»  pressure  =  M'il 
IX 'r  cent.  N. 

m.  0*7053  gram  fused  with  KOH  and  KNO,  gave  0*0418  gram  BaSO. 
=  0-81  per  cent.  S. 

I  V^'  0*4076  gram  gave  0*0886  gram  ash  =  9*47  per  cent. 

The  ash-free  substance  therefore  contained 

52*59^  C.  7*17jtH.  15*70^  N.  0*90j<S. 

Like  all  of  the  caseose  bodies,  this  contained  a  large  percentage  of 
fish  in  spite  of  its  long  continued  dialysis.  The  ash  was  mainly  cal- 
riiim  phosphate  with  some  oxide  of  iron,  obtained  in  part  doubtle$> 
\mm  the  salt  used  in  precipitation.  It  is  not  diflScult  to  see  how 
[n  ((tocaseose,  precipitated  by  salt  alone,  should  take  up  and  retaio 
hi.rui-mechanically  considerable  inorganic  matter.  But  in  the  pre^ 
LMit  case,  where  the  great  mass  of  the  albuminous  substance  has  been 
]>recipitated  by  the  salt  added,  it  seems  somewhat  surprising  that 
tlio  caseose  should  separate  from  the  clear  fluid  in  the  presence  of 
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considerable  acetic  acid  with  such  a  large  percentage  of  adherent 
mineral  matter,  unless  the  latter  is  chemically  combined  with  the 
albuminous  substance.  Oft-repeated  and  long  continued  dialysis 
appears  to  have  but  little  influence  in  diminishing  the  amount  of  this 
impurity.  Our  experience  has  taught  us  that  where  the  caseoses 
have  once  been  brought  in  contact  with  lime  salts,  reprecipitation 
and  other  methods  of  purification  avail  but  little. 

But  very  little  heterocaseose  was  found  in  this  digestion,  not  as 
mnch  as  was  found  in  some  of  the  others,  later  on.  Still,  during  the 
first  dialysis  of  the  protocaseose,  some  little  heterocaseose  separated 
from  the  fluid,  as  the  last  traces  of  salt  dialyzed  out 

A.  Deuterocaseose. 

Denterocaseose  was  separated  from  the  filtrate  from  the  first  sodium 
chloride  precipitate  of  protocaseose,  by  acetic  acid.  As  a  study  of  the 
reactions  of  protocaseose  bad  shown  plainly  that  this  body  is  never 
completely  precipitated  by  salt  alone,  a  little  acetic  acid  was  added 
to  the  salt-saturated  filtrate,  and  the  precipitate,  presumably  a  mix- 
ture of  proto  and  deuterocaseose,  thrown  away.  The  remaining  deu- 
terocaseose was  then  precipitated  by  adding  about  200  c.c.  of  a  salt- 
satarated  acetic  acid  (30  per  cent,  acetic  acid)  to  the  fluid.  The  total 
volume  of  the  mixture  was  nearly  16  litres.  In  this  manner  an  abund- 
ance of  a  finely  divided  precipitate  was  obtained,  which  ai  first,  seemed 
iosolable  in  water  and  in  dilute  sodium  chloride.  It  was  readily  soluble 
in  water  containing  a  trace  of  alkali  and  was  not  precipitated  by 
oeatralization.  On  being  washed,  however,  with  a  saturated  salt 
solution  for  some  time,  the  washings  were  found  to  have  dissolved 
considerable  of  the  substance,  which  could  be  precipitated  from  the 
solution  by  strong  acetic  acid.  Further,  after  being  washed  with 
salt  solution,  the  substance  remaining  appeared  quite  noticeably  solu- 
ble in  water.  Evidently  then,  this  body  on  being  washed  more 
or  less  free  from  acid,  becomes  soluble  in  water  to  a  certain  extent, 
its  aqueous  solution  then  giving  a  strong  reaction  with  acetic  acid 
and  potassium  ferrocyanide.  The  great  bulk  of  the  precipitate  was 
therefore  washed  with  saturated  salt  solution  until  the  washings  were 
nearly  free  from  acid ;  then,  having  become  partially  soluble  in  water, 
it  was  placed  in  about  2  litres  of  water,  the  solution  ultimately 
saturated  with  sodium  chloride  and  the  caseose  a<i^ain  precipitated 
by  addition  of  about  20  c.  c.  of  acetic  acid.  This  second  precipi- 
tate was  washed  somewhat  with  salt  solution  and  finally  with  a 
large  volume  of  water.     At  first,  the  washings  gave  no  reaction  with 

Teaks.  Coxh.  Acad.,  Vol.  Vn.    49  Nov.,  1886. 
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acetic  acid  and  potassiam  ferrocyanide,  but  later  on,  these  reagents 
gave  a  heavy  precipitate,  showing  plainly  that  the  substance  was 
dissolving.  The  entire  precipitate  was  thereupon  dissolved  in  very 
dilute  sodium  carbonate,  the  solution  made  exactly  neutral  with 
hydrochloric  acid  and  then  dialyzed.  After  remaining  in  the  dial- 
yzers  for  nearly  a  week  the  fluid  was  removed,  filtered  from  some 
heterocaseose  which  had  separated,  evaporated  to  a  syrup  on 
the  water-bath  and  precipitated  with  alcohol.  This  precipitate 
was  re-dissolved  in  water,  the  solution  made  exactly  neutral  to 
tost  papers  and  again  dialyzed.  From  this  solution,  the  caseose 
was  finally  precipitated  by  alcohol,  after  suitable  concentration  of 
the  fluid,  washed  with  alcohol  and  ether  and  dried  at  105^  C. 
in  vacuo.  The  final  solution,  prior  to  precipitation  by  alcohol, 
was  perfectly  neutral  and  quite  clear,  showing  no  evidence  of  the 
presence  of  any  heterocaseose. 

The  composition  of  the  substance  is  shown  in  the  accompanying 
Uble. 

Digestion  B. 

In  this  digestion,  750  grams  of  freshly  prepared  casein  were  mixed 
with  4  litres  of  0*4  per  cent,  hydrochloric  acid,  the  mixture  warmed 
at  45°  C,  and  then  800  c.  c.  of  pure  pepsin  solution  added.  The  mix- 
ture was  warmed  at  the  above  temperature  for  one  hour  and  a  half, 
then  neutralized  and  filtered,  and  the  clear  filtrate  saturated  with 
sodium  chloride.  This  precipitate,  as  in  the  preceding  digestion, 
was  washed  thoroughly  with  saturated  salt  solution,  then  succes- 
sively extracted  with  10  and  5  per  cent,  salt  solution  and  finally 
with  water,  leaving  a  small  residue  of  dyscaseose  soluble  only  in 
0*2  per  cent,  hydrochloric  acid.  The  united  filtrates,  containing 
proto  and  heterocaseose,  were  again  precipitated  with  salt  and  then 
treated  as  described  under  protocaseose  B. 

B.  Protocaseose. 

The  protocaseose  formed  in  this  digestion  and  twice  precipitated 
by  salt,  was  dissolved  again  in  water,  filtered  through  paper  and 
then  dialyzed  until  no  chlorine  reaction  could  be  obtained  with 
silver  nitrate.  Quite  a  little  heterocaseose  separated  from  the  solu- 
tion during  dialysis,  which  was  removed  by  filtration.  The  fiuid 
was  then  concentrated,  the  substance  precipitated  by  alcohol,  again 
dissolved  in  water  and  dialyzed.  This  time,  as  no  heterocaseose 
separated  from  the  fluid,  the  solution  was  concentrated,  precipitated 
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with  alcohol  and  the  sabstance  finally  dried  at  105^  C.  in  torn 
(Protocaseose  B  1).  Its  composition  is  shown  in  the  accompaoyiog 
table. 

Such  portion  of  the  protocaseose  as  was  not  precipitated  the 
second  time  by  salt  alone,  was  precipitated  by  a  little  acetic  adi 
At  first,  the  precipitated  sabstance  was  insoluble  in  water  (no  rea^ 
tion  with  acetic  acid  and  potassium  ferrocyanide),  but  after  being 
washed  with  salt  solution  until  the  acid  reaction  had  nearly  disap- 
peared, it  then  dissolved  quite  appreciably  in  water,  as  evidenced  bj 
the  reaction  with  acetic  acid  and  potassium  ferrocyanide.  The  bulk 
of  the  precipitate,  after  being  washed,  was  dissolved  in  a  little  very 
dilute  sodium  carbonate,  the  solution  made  exactly  neutral  witb 
hydrochloric  acid  and  then  dialyzed  until  all  chlorine  was  removed 
from  the  solution.  The  caseose,  after  concentration  of  tbe  solatioo, 
was  precipitated  by  alcohol,  washed  with  alcohol  and  ether  and 
finally  dried  at  106**  C.  in  vacuo.  The  composition  of  the  substaDW 
(Protocaseose  B  2)  is  shown  in  the  accompanying  table. 

B,  Deuterocaseose. 

Deuterocaseose  was  sepai*ated  from  tbe  filtrate  from  the  first 
sodium  chloride  precipitate,  in  the  same  manner  as  in  the  preceding 
digestion.  Like  A.  deuterocaseose,  this  precipitate  was  at  first  in- 
soluble in  salt  solution  and  in  water,  but  after  being  washed  for 
some  time  with  saturated  salt  solution,  it  was  found  to  be  gradoaily 
dissolved,  as  shown  by  the  rapid  disappearance  of  the  precipitau 
and  the  pronounced  reaction  with  acetic  acid  and  potassiam  ferrocy- 
anide in  the  wash-fiuid.  Evidently  the  acid  is  easily  removed  from 
the  compound  by  simple  washing  and  when  that  has  been  effected 
the  substance  becomes  soluble,  or  else  the  acid  compound  b  more 
insoluble  in  water  containing  a  little  free  acid,  than  in  water  or 
salt  solution  alone.  Hydrochloric  acid  and  acetic  acid  seem  to 
act  alike.  The  substance  is  readily  soluble  in  dilute  sodium  ca^ 
bonate  and  is  not  precipitated  by  neutralization,  but  is  quickly 
thrown  down  by  a  slight  excess  of  hydrochloric  or  acetic  acid.  Tbi» 
compound  was  not  analyzed,  but  was  used  in  studying  the  reactions 
to  be  described  later. 

Digestion  C. 

In  both  of  the  preceding  digestions,  the  products  formed  resulted 
from  the  action  of  an  exceedingly  vigorous  pepsin  mixture.    In  tbe 
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present  case,  the  pepsin  solatioti  employed  was  mach  weaker  and  the 
pepsin-casein  mixta  re  was  warmed  at  45*^  C.  for  several  days  instead 
of  hours. 

750  grams  of  casein  were  employed  and  4  litres  of  0*4  per  cent, 
hydrochloric  acid,  to  which  was  added  a  reasonable  amoant  of  pare 
pepsin  solution.  About  an  hour  after  the  addition  of  the  latter  the 
mass  began  to  gelatinize,  and  at  the  end  of  18  hours  the  whole  mix- 
tare  was  a  perfectly  stiff  jelly.  Thereupon,  2  litres  more  of  0'4  per 
cent  acid  were  added  together  with  a  little  pepsin.  The  mixture  was 
then  kept  at  40-45^  C.  for  three  days  longer.  Quite  a  large  residue 
of  nndigested  matter  remained,  semi-gelatinotis  and  soluble  only  in 
alkalies.  The  mixture  was  then  neutralized  and  filtered.  The 
filtrate  contained  considerable  caseose,  as  evidenced  by  the  heavy 
precipitate  obtained  on  saturating  a  portion  with  sodium  chloride. 
In  the  preceding  digestions,  the  caseoses  were  separated  directly 
from  the  dilute  solutions,  without  previous  concentration,  thereby 
aToiding  any  possible  change  due  to  the  action  of  heat.  In  the  pre- 
mn%  case,  however,  the  perfectly  neutral  solution  was  evaporated  to 
a  small  volume  and  then  all  of  the  caseoses  were  directly  precipitated 
by  saturating  the  fluid  with  ammonium  sulphate.  The  precipitate 
produced  was  exceedingly  gummy,  but  was  washed  as  thoroughly 
as  possible  by  trituration  with  a  saturated  solution  of  ammonium 
sulphate.  The  caseoses  were  then  dissolved  in  water,  the  solution 
filtered  from  the  small  residue  of  insoluble  matter  and  saturated 
with  sodium  chloride.  The  protocaseose  so  separated  was  freed  from 
heterocaseose,  etc.  by  repeated  precipitation  and  dialysis. 

Carbon  and  hydrogen  were  determined  in  a  portion  of  the  dried 
substance  (Protocaseose  C  1)  with  the  following  results : 

I.  0-5107  gn^am  substance  gave  0*3101  gram  HaO= 6*74  per  cent.  H  and 
0-9886  gram  CO,=50*11  per  cent  C. 
n.  0*4088  gram  gave  0*0104  gram  ash  =  4*80  per  cent. 

The  ash-free  substance  would,  therefore,  contain  6 2 '6 4  per  cent,  of 
carbon  and  7*08  per  cent,  of  hydrogen. 

In  the  filtrate  from  the  first  salt  precipitate,  the  protocaseose  re- 
maining was  precipitated  by  the  addition  of  a  little  salt-saturated 
acetic  acid.  The  precipitate  after  being  washed  was  dissolved  in  a 
little  dilute  sodium  carbonate,  the  solution  neutralized  and  dialyzed. 

As  no  heterocaseose  separated  from  the  solution,  it  was  concen- 
trated and  then  precipitated  by  alcohol.  After  purification  by  re- 
Bolniion,  dialysis,  etc.,  it  was  dried  at  105^  C.  in  vacuo  and  analyzed 
with  the  results  shown  in  the  accompanying  table  (Protocaseose  C  2). 
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Deuterocaseose  was  then  separated  from  the  filtrate  from  the  acetic 
acid  precipitate,  by  saturation  of  the  fluid  with  ammonium  sulphate, 
as  recommended  by  Neumeister*  for  deuteroalbumose.  It  was  then 
purified  by  dialysis,  etc.,  and  its  reactions  carefully  studied.  So  far 
as  we  could  see,  it  differed  from  deuterocaseose  A  and  B  in  two 
respects  only,  but  these  points  showed  so  marked  a  difference  it 
was  plainly  evident  that  the  deuterocaseose  separated  by  ammo- 
nium sulphate  was  quite  different  from  deuterocaseose  A,  separated 
by  acetic  acid.  Thus  deutero  C  was  not  precipitated  at  all  in  an 
aqncous  solution  by  acetic  acid,  nor  by  acetic  acid  and  potassium 
ferrocyanide,  neither  was  its  aqueous  solution  precipitated  by  cupric 
sulphate.  The  significance  of  these  points  of  difference  will  be  dis- 
cussed later  on.  After  studying  the  reactions,  there  was  not  enough 
substance  remaining  for  analysis. 

Pigestion  P. 

In  this  digestion,  2  kilos  of  freshly  prepared  casein  were  used, 
together  with  6  litres  of  0*4  per  cent,  hydrochloric  acid  and  an  appro- 
priate quantity  of  strong  pepsin  solution.  The  mixture  was  warmed 
at  45"  C.  for  five  hours,  then  neutralized  and  filtered  from  the  semi- 
gelatinous  residue. 

D.     Protocaseose. 

The  neutral  fluid  was  concentrated  to  about  1^  litres  and  then 
filtered  from  the  slight  flocculent  precipitate  which  had  formed. 
Saturation  of  the  fluid  with  sodium  chloride  gave  an  exceedingly 
heavy  precipitate,  somewhat  more  gummy  than  usual.  The  entire 
fluid,  however,  was  only  partially  saturated  with  salt,  with  a  view 
to  see  whether  the  precipitate  produced  in  this  manner  would  agree 
wholly  with  the  precipitate  produced  on  complete  saturation.  Thus 
a  fractional  precipitation  was  made,  in  which  the  first  fraction 
represents  that  portion  of  the  caseose  precipitated  by  about  two- 
thirds  saturation  of  the  fluid  with  salt.  This  precipitate  was  there- 
fore filtered  off,  washed  as  usual,  dissolved  in  water  and  re-precipi- 
tated with  salt.  As  dyscaseose  was  generally  found  only  in  traces, 
the  precipitate,  after  being  washed,  was  dissolved  at  once  in  water 
and  dialyzed  until  all  chlorine  was  removed  from  the  solution.  On 
opening  the  dialyzing  tubes,  quite  a  large  quantity  of  heterocaseose 
was  found  adherent  to  the  sides  of  the  paper.     The  clear  solution  of 


*  See  Zeitschrift  fiir  Biologie,  Band  xxiii,  p.  3«1. 
Teaks.  Cosn.  Acad.,  Vol.  VII.    60  Nov.,  isse. 
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protocaseose  was  concentrated,  precipitated  with  a|coholy  the  precipi- 
tate dissolved  in  water,  again  precipitated  with  salt  in  substance,  the 
pmcipit'ate  dialyzed,  this  time  without  showing  any  heterocaseose, 
ami  finally  precipitated  with  alcohol,  washed  with  alcohol  and  ether 
and  dried  at  105*  C.  in  vacuo  (Protocaseose  D  1).  The  product  was 
analyzed  with  the  results  shown  in  the  preceding  table. 

On  adding  more  sodium  chloride  to  the  first  filtrate  from  the  above 
precipitate,  thereby  completely  saturating  the  solution,  a  second 
precipitate  of  protocaseose  was  obtained,  which  was  purified  in  the 
same  manner  as  the  preceding  preparation.  The  only  difference 
iiodced  while  purifying  the  substance  was  that,  on  dialysis,  nothing 
corresponding  to  heterocaseose  separated  from  the  fluid.  After  final 
waiisliing  with  alcohol  and  ether,  the  substance  was  analyzed  with  the 
results  shown  in  the  accompanying  table  (Protocaseose  D  2). 

The  difference  in  the  results  will  be  discussed  later  on. 

The  original  salt-saturated  filtrate  was  precipitated  with  a  little 
acetic  acid,  and  the  protocaseose  so  precipitated  dissolved  in  dilate 
sodium  carbonate.  The  solution  was  then  neutralized  and  dialyied 
in  running  water  until  all  chlorine  was  removed.  The  substance  was 
then  separated  by  precipitation  with  alcohol,  and  ultimately  purified 
as  described  previously  (Protocaseose  D  3).  The  addition  of  a  little 
more  acetic  acid  to  the  acetic  acid  and  salt-saturated  filtrate  from  the 
above,  gave  a  still  further  precipitate  of  caseose  ;  presumably  prato- 
cuseose  with  perhaps  a  trace  of  deuterocaseose,  which  was  filtered 
ofF,  washed  with  saturated  salt  solution  and  then  freed  from  acid  and 
purified  in  the  same  manner  as  the  preceding  preparation  (Proto- 
caseose D  4). 

The  two  last  products,  after  being  dried  at  105°  C.  in  vacuo,  were 
analyzed  with  the  results  shown  in  the  following  tables. 

Comparing  these  two  tables,  it  is  seen  that  the  difference  in  per- 
centage composition  of  the  two  ash-free  substances  is  not  very  great, 
and  taking  into  consideration  the  large  percentage  of  ash,  it  is  proba- 
ble that  the  two  latter  precipitates  have  approximately  the  same 
composition. 

D.     Deuterocaseose. 

The  filtrate,  from  which  certainly  all  protocaseose  had  been  re- 
itJMved  by  acetic  acid,  and  in  fact  nearly  everything  precipitable  by 
acid  from  the  salt-saturated  fluid,  was  treated  with  amraoniam 
«nlphate  in  substance.  A  gummy  precipitate  resulted,  which  nata- 
raUy  enclosed  considerable  salt,  and  which  for  purification  was  dis- 
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solved  in  water  and  dialyzed  until  the  greater  portion  of  the  salt  was 
removed.  The  solution  was  then  concentrated  and  the  subetana 
reprecipitated  by  saturating  the  neutral  solution  with  ammoDiuni 
sulphate.  This  precipitate,  after  solution  in  water,  was  then  dialyzed 
until  all  of  the  ammonium  sulphate  was  removed,  after  whicb  tbe 
solution  was  concentrated  and  precipitated  with  alcohol.  When 
dry,  the  substance  gave  by  analysis  the  results  shown  in  the  accom- 
panying table. 

This  body  differs  from  all  of  the  preceding  preparations,  in  that  it 
is  not  precipitated  from  an  aqueous  solution  by  acetic  acid.  Neither 
is  it  precipitated  at  all  by  the  addition  of  salt  in  substance ;  but  the 
addition  of  a  little  acetic  acid  to  the  salt-saturated  fluid  gives  a  beary 
precipitate  which,  however,  does  not  represent  all  of  the  deutero- 
caseose,  since  the  flltrate  gives  an  additional  precipitate  with 
ammonium  sulphate.  Apparently  about  one-half  of  the  substance  b 
precipitated  by  acetic  acid.  Further,  the  acetic  acid  precipiute 
in  this  case  differs  from  the  protocaseose  precipitate  with  acid,  in  that 
it  is  readily  and  completely  soluble  in  water.  This  body,  therefore, 
which  certainly  must  represent  pure  deuterocaseose,  shows  a  dose 
resemblance  to  the  pure  deuteroalbumose  separated  by  Neumeister. 
Like  the  latter,  it  does  not  give  any  precipitate  whatever  with  enpric 
sulphate  no^;  with  feiTic  chloride  and  only  the  faintest  turbidity  with 
acetic  acid  and  potassium  ferrocyanide. 

D.     Meterocaseose. 

In  each  digestion,  evidence  was  obtained  at  various  points  in  tbe 
process  of  separation,  noticeably  on  dialysis  of  the  first  protoalbumose 
precipitate,  of  the  presence  of  a  body  insoluble  in  water  bat  soluble 
in  dilute  sodium  chloride  solution.  The  quantity  of  the  sob- 
stance,  however,  was  in  most  cases  exceedingly  small,  so  much  so 
that  nothing  more  than  a  few  reactions  could  be  tried  with  it.  In 
the  present  digestion,  however,  the  amount  was  somewhat  larger, 
and  sufficed  for  a  partial  analysis.  The  substance  was  obtained  as  a 
more  or  less  gummy  residue,  on  dialysis  of  protoalbumose  1. 
It  was  purified  by  solution  in  10  per  cent,  sodium  chloride  and 
separation  by  dialysis.  Like  heteroalbumose,  the  whole  of  the 
substance  was  not  now  soluble  in  salt  solution,  for  a  portion  bad 
apparently  been  converted  into  a  body  resembling  dysalbumoee, 
insoluble  in  salt  solution  but  soluble  in  0*2  per  cent,  hydrochloric 
acid. 
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Analysis  of  the  dried  substance  gave  the  following  results  : 

I.  0*4011  gram  substance  gave  0-2463  gram  HaO=6-82  per  cent.  H  and 
0  7484  gram  CO^=50*54  per  cent.  C. 

n,  0-4287  gram  gave  58-6  c.  c.  N  at  IS'O"  C.  and  7601  mm.  pressure 
=14*70  per  cent.  N. 

III.  0*4118  gram  gave  00256  gram  ash  =6*21  per  cept 

The  ash-froe  substuncc  would  therefore  contain 

58*88  per  cent.  C,  7-27  per  cent.  H,  15*67  per  cent.  N. 

Meactiona  of  the  caaeosea. 

Under  this  head  little  need  be  said.  The  reactions  characteristic 
of  the  albumose  bodies  in  general  will  apply  here.  Certain  differ- 
ences, however,  have  already  appeared  in  our  description  of  the 
processes  incident  to  separation  of  the  caseoses.  Protocaseosc, 
unlike  protoalbumose,  is  precipitated  from  an  aqueous  solution  by 
acetic  acid.  The  precipitation,  however,  is  not  complete;  satura- 
tion of  the  acid  filtrate  with  sodium  chloride,  invariably  gives  an 
additional  precipitate  which  is  the  heavier  of  the  two.  Further, 
long-continued  washing  of  the  acid  precipitate  with  water  or  salt 
solution  appears  to  partially  remove  the  acid  from  the  caseose  body. 
Protocaseosc  is  likewise  precipitated  from  an  aqueous  solution  by 
hydrochloric,  nitric  and  sulphuric  acids;  the  precipitate,  however,  is 
far  less  soluble  in  excess  of  sulphuric  or  nitric  acid  than  in  excess  of 
the  other  two  acid.«.  In  very  dilute  acids,  protocaseosc  is  soluble 
and  is  partially  precipitated  by  addition  of  stronger  acid  of  the 
same  kind ;  thus  the  substance  is  readily  soluble  in  0*4  per  cent, 
hydrochloric  acid,  from  which  solution  it  is  precipitated  by  the  addi- 
tion of  a  little  concentrated  acid,  this  precipitate  dissolving  on  the 
addition  of  more  acid.  Evidently  then,  protocaseosc  as  fast  as 
formed  by  the  action  of  pepsin-hydrochloric  acid,  would  dissolve  in 
the  acid  gastric  juice  and  not  be  mixed  with  the  jelly-like  insoluble 
residue.  Boiled  with  dilute  or  strong  acid,  protocaseosc  is  appar- 
ently not  changed ;  at  least  no  precipitate  is  obtained  on  neutraliza- 
tion of  the  acid  fluid.  The  acetic  acid  solution  of  protocaseosc  gives 
a  very  heavy  precipitate  with  potassium  ferrocyanide.  In  an  aque- 
ous solution  of  the  substance,  cupric  sulphate  gives  a  heavy  curd-like 
precipitate,  while  ferric  chloride  gives  a  similar  precipitate  read- 
ily soluble  in  excess  of  the  precipitant.  Like  protoalbumose,  proto- 
caseosc is  precipitated  by  saturation  of  its  aqueous  solution  with 
sodium  chloride,  but  never  completely ;  there  always  remains  in  the 
Trass.  Cokn.  Acad.,  Vol.  VII.    61  March,  1887. 
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filtrate,   a  portion   of  the  substance  precipitable   only  on   addition 
of  acetic  acid. 

Of  the  several  preparations  of  deuterocaseose,  those  precipitated 
by  ammonium  sulphate  are  evidently  the  only  ones  perfectly  pare. 
Further,  it  is  evident  that  this  sabstance  can  be  obtained  pare  only 
by  complete  removal  of  all  protocaseose  from  the  solution,  which 
implies  precipitation  of  a  large  portion  of  the  deuterooaseose  also, 
and  then  precipitation  of  the  small  amount  of  deutero  remaining,  by 
saturation  of  the  fluid  with  ammonium  sulphate.  D  deutero,  pre- 
pared in  this  manner,  shows  several  very  marked  points  of  difier- 
ence  from  protocaseose.  In  the  firat  place,  it  is  not  precipitated  in 
an  aqueous  solution  by  acetic  acid.  Further,  the  addition  of  potas- 
sium ferrocyanide  to  a  solution  acidified  with  acetic  acid  gives  do 
precipitate  whatever.  Cupric  sulphate  and  ferric  chloride  both  fail 
to  produce  any  precipitate  in  an  aqueous  solution.  Pure  deutero- 
oaseose, as  already  mentioned,  is  not  precipitated  by  saturation  of 
its  aqueous  solution  with  sodium  chloride ;  addition  of  acetic  add, 
however,  to  the  salt-saturated  solution  gives  a  heavy  precipitate, 
which  represents  perhaps  half  of  the  deutero,  the  remainder  of 
which  is  precipitated  only  by  saturation  of  the  fluid  with  ammoDiam 
sulphate.  It  is  thus  evident  that  in  the  precipitation  of  protocaseoee 
from  a  salt-saturated  solution  by  acetic  acid,  more  or  less  deuterooa- 
seose will  be  likewise  precipitated,  the  amount  depending  probably 
on  the  concentration  of  the  solution  and  other  minor  circumstaoc€«. 
Hence,  A  deutero  is  unquestionably  contaminated  with  some  proto- 
caseose, and  on  the  other  hand  protocaseose  D  3  and  4,  and  perhaps 
protocaseose  C  2,  without  doubt  contain  some  deuterooaseose.  That 
A  deutero  contains  some  protocaseose,  is  evident  from  the  fact  that 
it  gives  a  precipitate  with  cupric  sulphate,  and  further  its  aqueous 
solution  is  rendered  decidedly  turbid  by  acetic  acid.  Moreover,  the 
protocaseose  precipitated  by  acetic  acid,  and  which  may  contain 
some  deutero,  appears  to  differ  in  one  or  two  respects  from  either 
proto  or  deuterooaseose.  Thus,  an  aqueous  solution  of  the  purified 
substance  is  precipitated  like  pure  protocaseose  by  acetic  acid,  bat 
the  precipitate  is  only  partially  soluble  in  excess  of  the  acid  and 
even  that  requires  a  large  excess. 

With  nitric  acid,  pure  deuterooaseose  gives  no  precipitate,  but  on 
warming  the  solution  the  xanthoprotein  reaction  comes  out  strongly. 

Composition  of  the  caseoses  and  their  relation  to  casein. 

In  studying  the  composition  of  the  various  caseoses  we  have  been 
hampered  by  the  large  percentage  of  ash  invariably  present  in  aU  of 
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Table  showiko  relative  oompobition  of  the  Caseoses. 


Protoeaseose, 

A  1  NaCl  precipitate — 

A2     "  ♦*  

A  8  Acetic  acid  precipitate. . 

B  1  NaCl  precipitate 

B  2  Acetic  acid  precipitate.. 
C  1  Naa  precipitate 


C 
52-50 
58-85 
52-59 
52-91 
52-48 
52-64 


C  2  Acetic  acid  precipitate 51-78 


Dl  NaCl  precipitate 

D2     **  **         ._ 

D  8  Acetic  acid  precipitate. . . 

Deuterooaseose, 
A.  Acetic  acid  precipitate . . 
D.   (NH4),S04 

Heterocaseose. 

D 

Casein. 
Average  of  Nofl.  I-VTI 


68-98 

52-84 
52-05 
52-88 

51-59 
51-79 

58-88 

58-80 


H 

7-15 
7-21 
7-17 
7-06 
701 
7-08 
7-15 
7-17 
7-10 
718 
7-07 

6-98 
7-05 

7-27 

707 


N 
15-78 
15-84 
15-70 
15-65 
1619 

15-85 
1606 
15-86 
1612 
16-18 

15-78 
16-00 

15-67 

15-91 


S 
0-96 
0-98 
0-90 
0-90 
0-90 


O 
28-66 
22-12 
28-64 
28-48 
28-47 


0-79  i  24-48 


0-85 
104 
1-06 


220i) 
2816 
28-64 


0-98  !  22-94 


0-75 
1-17 


26-08 
28-99 


I 


0-82     22-08 
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the  preparations.  We  have  already  commented  on  the  difficulty,  in 
fact,  impossibility,  of  removing  certain  inorganic  salts  aiW  they 
have  once  been  brought  in  contact  with  a  caseose  body.  Repeated 
precipitation  appears  to  afiect  the  percentage  of  ash  but  little.  The 
reason  for  the  large  percentage  of  ash  lies  in  the  precipitation  of  the 
caseoses  from  such  large  volumes  of  fluid.  We  thought  it  unwise  at 
first,  to  expose  the  bodies  to  the  long  continued  evaporation  neces- 
sary for  precipitation  with  a  small  amount  of  salt.  To  avoid  the 
possible  danger  of  change,  therefore,  the  large  volumes  of  fluid 
resulting  from  the  several  digestions  were  saturated  directly  with 
salt,  and  as  this  involved  the  use  of  large  quantities,  calcium  salts 
and  some  iron  as  impurities  in  the  sodium  chloride,  were  unavoid- 
ably introduced.  These,  the  caseoses  seemed  at  once  to  catch  hold 
of  and  retain,  in  spite. of  oft-repeated  purification.  In  the  digestion 
2>,  in  which  the  fluid  was  concentrated  somewhat  before  precipita 
tion,  the  percentage  of  ash  is  seen  to  be  somewhat  smaller  than  in 
preparations  from  the  other  digestions. 

In  comparing  the  composition  of  the  individual  protocaseoses  (see 
the  accompanying  table)  it  is  seen  that  two  of  the  bodies  show  a 
content  of  carbon  somewhat  higher  than  casein  itself,  while  the 
average  of  all  the  others,  with  one  exception,  shows  a  content  of 
carbon  a  little  lower  than  casein.  Leaving  out  the  acetic  acid  pre- 
cipitate C  2,  the  average  of  the  remaining  ten  preparations  of  proto- 
caseose  shows  the  following  composition  for  this  substance: 

C 

Protocaseose 52*89 

Casein 63*80 

Plainly,  the  average  of  our  results  would  indicate  that  protocaseose 
does  not  diflfer  essentially  in  composition,  from  the  casein  from  which 
it  is  formed.  A  slightly  smaller  content  of  carbon  is  the  only  notice- 
able diff*erence.  To  be  sure  the  individual  results  show  noticeable 
variation  in  the  i)ercentage  of  carbon,  but  bearing  in  mind  the  large 
amount  of  ash  present  in  the  preparations,  it  is  evident  that  the  avcf- 
age  result  is  of  more  value  than  the  results  obtained  in  any  one  case. 
As  to  the  lower  content  of  carbon  in  so-called  protocaseose  C  2,  it  is 
probable  that  this  body  is  c(»mposed  mainly  of  deuterocaseose.  The 
two  caseoses  being  precipitated  together  in  this  digestion  by  ammo* 
niura  sulphate  and  then  separated  afterwards  from  a  fairly  concen- 
trated solution  by  saturation  with  salt  and  addition  of  acetic  acid, 
renders  it  probable  that  the  protocaseose  was  more  completely  precip- 


H 

N 

5 

0 

7*10 

15*94 

0*95 

28*12 

7*07 

15*91 

0*82 

28*08 
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itated  than  usual  by  salt  alone ;  and  further,  it  is  probable  that 
on  addition  of  acetic  acid  to  the  concentrated  and  salt-saturated 
fluid,  a  much  larger  proportion  of  deuterocaseose  was  precip- 
itated. In  confirmation  of  this  view  it  was  noticed  that  the 
amount  of  deuterocaseose  obtained  by  the  later  precipitation  with 
ammonium  sulphate  was  quite  small ;  far  smaller  proportionally  than 
obtained  in  D.  That  the  body  contained  some  protocaseose,  was 
evident  from  its  reaction  with  cupric  sulphate  and  with  acetic  acid. 

Pure  deuterocaseose  evidently  contains  a  smaller  content  of  car- 
bon than  protocaseose.  It  is  equally  evident  that  it  is  a  body 
farther  removed  from  casein  than  protocaseose.  Its  general  reac- 
tions show  a  closer  relationship  to  peptone  than  to  casein  or  the 
proto-body.  Heterocaseose,  on  the  other  hand,  judging  from 
analysis  of  a  single  preparation,  contains  fully  as  much  if  not  more 
carbon  than  casein  itself. 

Nearly  all  of  the  caseoses  show  a  somewhat  higher  percentage  of 
sulphur  than  casein,  but  probably  the  increase  (O'l  per  cent.)  is  due 
mainly  to  a  trace  of  sulphate  in  the  ash,  not  accounted  for.  Owing 
to  the  large  amount  of  phosphate  in  the  ash  of  the  different  prepara- 
tions, phosphorus  was  sought  for  only  twice.  In  both  of  these,  how- 
ever (protocaseose  D  1  and  deuterocaseose  D),  the  phosphorus  in  the 
ash  was  the  exact  equivalent  of  the  total  phosphorus  found  after 
fusion  with  potassium  hydroxide  and  nitrate.  This  might  indicate 
that  in  the  cleavage  of  casein  with  pepsin-hydrochloric  acid,  the 
phosphorus  of  the  casein  is  removed  in  the  form  of  a  phosphorized 
body,  leaving  the  thus  non-phosphorizcd  matter  to  break  down  into 
the  caseoses.  With  this  thought  in  mind,  we  propose  to  study  later 
the  nature  and  composition  of  the  insoluble,  serai-gelatinous  body 
separated  in  the  first  stage  of  digestion.  We  also  hope  to  extend 
our  work  by  a  study  of  Weyl's  commercial  **  casein-peptone,"  pre- 
liminary examination  of  which  has  shown  us  the  presence  in  large 
quantities  of  caseoses.  In  this  way  and  by  a  somewhat  dififcrent 
method  of  isolating  the  individual  caseoses,  we  hope  to  verify  our 
present  work  and  at  the  same  time  obtain  products  comparatively 
free  from  asb,  with  which  to  establish  beyond  question  the  composi- 
tion of  the  caseoses.  We  are  also  occupied  in  a  study  of  pure  casein- 
peptone,  purified  according  to  the  method  made  use  of  by  EUhne 
and  Chittenden  in  the  study  of  fibrin-peptone. 


XXIII. — Influence  of  Some  Organic  and  Inorganic  Sub- 
stances ON  Gas  Metabousm.  By  R.  H.  Chittenden  i5d 
G.  W.  Cummins,  Ph.B. 

While  much  time  has  been  spent  daring  the  past  few  yean  in 
studying  the  influence  of  various  substances  on  proteid  meubolitn, 
far  less  attention  has  been  paid  to  the  effects  of  these  substances  on 
the  consumption  of  oxygen  and  the  elimination  of  carbonic  add 
Naturally  in  studying  the  influence  of  any  substance  on  the  natriiioo 
of  the  body,  we  need  to  know  not  only  its  action  on  the  excretion  of 
nitrogen  but  also  its  influence  on  the  production  of  carbonic  acid.  Id 
this  way  only  can  we  arrive  at  a  true  understanding  of  the  ioflaeoce 
of  the  substance  on  total  metabolism,  and  obtain  the  necessary  dati 
from  which  to  draw  conclusions  as  to  its  influence  on  the  consomp* 
tion  of  either  nitrogenous  or  non-nitrogenout  matter.  The  difficulties, 
however,  in  the  way  of  carrying  on  consecutive  determinations  of  ib« 
relative  amount  of  carbonic  acid  eliminated  by  the  lungs  are  consid- 
erable, and  in  the  absence  of  the  necessary  respiration  apparatus,  the 
difficulties  are  greatly  increased.  We  have,  however,  endeavored  to 
carry  on  some  experiments  in  this  direction,  and  although  lacking 
the  ordinary  apparatus  we  have  still  been  able  with  the  means  at  oor 
disposal  to  obtain  some  interesting  results,  a  portion  of  which  are 
simply  confirmatory  of  previous  work,  while  others  are  wholly  new. 

The  apparatus  employed  in  measuring  the  amount  of  carbonic  add 
eliminated  is  shown  in  the  accompanying  illustration  (see  Plate).  The 
chamber  in  which  the  animal  was  placed  during  the  experiment,  was  i 
bell  jar  of  32  litres  capacity,  with  ground  edge  fitting  closely  upon  a 
smooth  glass  plate.  This  when  coated  with  grease  made  a  perfectly 
tight  joi«t,  but  in  order  to  avoid  any  possibility  of  error,  the  jar  and 
plate  were  placed  in  a  shallow  pan  of  galvanized  iron,  and  water  poured 
in  to  the  depth  of  2-3  inches,  thus  insuring  a  perfectly  air-tight  joint 
In  the  top  of  the  bell  jar  was  an  opening,  closed  with  a  doubly  perfor- 
ated rubber  stopper,  through  which  passed  two  tubes;  oue  bringing 
air  into  the  chamber,  the  other  carrying  it  to  the  absorption  apparatu. 
The  inlet  tube  (to  the  left  of  the  figure)  was  prolonged  so  as  to  adoiit 
the  air  nearly  at  the  bottom  of  the  jar,  while  the  outlet  tube  came 
just  through  the  stopper,  thus  insuring  a  perfect  circulation  of  air. 
Air  was  drawn  through  the  chamber  by  means  of  three   aspiraton. 
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two  of  which  had  a  capacity  of  15  litres  and  one  of  7^  litres.  The 
three  aspirators  working  together  would  therefore  draw  through  the 
chamber  37^  litres  of  air  at  every  filling,  and  the  flow  was  so  regulated 
that  30  minutes  were  required  to  draw  that  amount  of  air  through 
the  apparatus.  The  flow  of  water  from  the  aspirators  was  quite  regu- 
lar, since  the  inlet  tubes  went  to  the  bottom  and  the  air  had  to 
bubble  up  through  the  water,  as  the  latter  ran  out,  on  the  principle 
of  Mariotte's  bottle.  The  rate  of  flow  was  regulated  by  carefully 
changing  the  difference  in  height  between  the  inlet  tube  (for  air)  of 
the  aspirator  and  the  outlet  tube  (for  water).  This  of  course,  at  the 
outset,  was  a  tedious  operation,  but  when  once  perfected  and  the 
apparatus  permanently  set  up,  the  three  aspirators  ran  exactly  to- 
gether, with  a  maximum  variation  of  15  seconds  for  the  half -hour, 
which  variation,  however,  was  seldom  observed.  In  addition,  each 
aspirator  was  marked  off*  into  eight  divisions,  the  last  one  of  which 
was  equal  to  only  one-half  of  the  others.  In  the  two  large  aspirators 
these  divisions  indicated  exactly  the  same  volume,  while  in  the  small 
aspirator  the  divisions  represented  half  the  capacity  of  the  former; 
but  the  flow  of  water  in  the  latter  was  regulated  to  consume  the 
same  amount  of  time  as  in  the  former.  Hence  four  minutes  were 
required  for  the  water  to  flow  by  each  of  the  fii'st  seven  divisions, 
and  two  minutes  for  the  last,  making  a  total  of  thirty  minutes*  for  the 
entire  volume  of  water  to  flow  from  each  aspirator. 

The  tube  drawing  the  respired  air  from  the  chamber  in  which  the 
aoimal  was  enclosed,  was  divided  a  short  distance  from  the  chamber, 
as  seen  in  the  figure,  and  two-fifths  of  the  mixed  air  was  drawn 
successively  through  three  absorption  tubes  filled  with  a  standard 
solution  of  barium  hydroxide  for  absorption  of  the  carbonic  acid. 
The  absorption  tubes  were  about  two-thirds  of  a  metre  long  and  the 
lower  tdbe  (a)  contained  100  c.  c.  of  a  standard  baryta  solution,  the 
middle  tube  (b)  also  100  c.  c  of  the  solution,  and  the  upper  tube  (c) 
M)  c.  c.  The  amount  of  carbonic  acid  absorbed  was,  at  the  end  of  the 
experiment,  determined  by  titration  with  a  standard  solution  of  oxalic 
acid,  using  phenol-thalein  as  an  indicator.  Two  titrations  were  made, 
oue  of  the  contents  of  tube  a  and  one  of  the  contents  of  the  two  tubes 
b  and  e.  By  uning  the  three  tubes,  absorption  of  the  carbonic 
acid  was  quite  complete.  In  order  to  aid  absorption,  the  air  was 
broken  into  small  babbles  by  being  forced  through  a  small  tube  dip- 
ping beneath  the  barium  hydroxide.  Frequent  blank  experiments 
showed  that  all  of  the  connections  were  perfectly  tight,  and  further, 
all  of  the  tubes  being  in  the  same  position,  that  the  flow  of  water 
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from  each  aspirator  was  perfectly  uniform,  and  that  the  aspintors 
could  be  relied  upon  to  draw  the  given  volume  of  air  through  the 
apparatus  in  the  time  designated  without  any  appreciable  variatioo. 
In  addition,  the  two-fifths  drawn  through  the  absorption  tubes  for 
determination  of  the  carbonic  acid  was  always  exactly  two-fifths  of  the 
aspirated  air;  since  the  aspirators,  as  already  remarked,  worked  with 
perfect  uniformity.  Any  tendency  to  variation,  either  in  the  time, 
or  in  the  action  of  the  individual  aspirators,  was  noticed  at  the 
very  outset  of  the  experiment,  as  the  water  reached  the  level  of  the 
different  marks  on  the  aspirators,  and  could  be  at  once  checked  or 
controlled  by  moving  slightly  the  water  outlet  tube  so  as  to  either 
increase  or  diminish  the  difference  in  height  between  the  latter  \vA 
the  inlet  tube  for  air.  Theoretically,  variations  in  the  temperature  of 
the  water  in  the  aspirators  might  affect  somewhat  the  volume  of  lir 
analyzed,  but  a  constant  determination  of  the  temperature  of  the 
water  showed  such  slight  variations  that  they  did  not  seem  to  joslify 
us  in  making  any  corrections  for  possible  change  in  the  amount  of  tir 
aspirated.  Naturally,  all  of  the  supports  for  the  three  absorpiioo 
tubes  were  permanently  placed,  so  that  there  could  be  no  change  of 
position  ;  the  tubes  themselves  placed  in  the  same  position  in  tlie 
holders ;  the  volumes  of  baryta  solution  invariably  the  same,  so  as  not 
to  increase  or  decrease  the  pressure  to  be  overcome ;  and  lastly  tbe 
aspirator  tubes  and  stoppers  fastened  so  as  not  to  admit  of  any  change. 
With  these  precautions,  the  results  obtained^  both  as  to  the  volume 
aspirated  and  the  time  consumed,  were  quite  satisfactory. 

As  already  mentioned,  the  total  capacity  of  the  three  aspiratora 
was  37^  litres  or  5^  litres  more  than  the  capacity  of  the  bell  jar. 
This  amount  of  air  drawn  through  the  chamber  in  30  minutes,  was 
more  than  enough  to  supply  the  largest  rabbit  experimented  on,  with 
the  necessary  amount  of  oxygen.  But  there  must  have  been  a  slight 
accumulation  of  carbonic  acid  in  the  air  of  the  chamber ;  thin,  how- 
ever, was  a  constant  factor  throughout  the  experiments.  Further, 
the  results  obtained,  expressed  in  milligrams  of  CO,,  do  not  represent 
the  total  amount  of  carbonic  acid  eliminated  by  the  rabbit  during 
the  thirty  minutes  of  the  experiment/  but  simply  the  amount  of  CO, 
contained  in  the  37^  litres  of  air  aspirated  during  that  time.  Such  a 
result,  however,  ought  certainly  to  show  just  as  plainly  any  inflneoee 
on  the  elimination  of  carbonic  acid,  as  a  determination  of  absolute 
quantity  and  thus  be  equally  valuable  as  an  indication  of  influence  or 
lack  of  influence  on  the  gas  metabolism  of  the  body.  Further,  the 
results  thus  obtained  ought  to  express  equally  as  well,  the  compj)raii\e 
action  of  the  various  substances  experimented  with. 


and  Inorganic  Substances  on  Gas  Metabolism.  409 

In  every  experiment,  the  time  at  which  the  animal  was  introduced 
into  the  bell  jar  was  exactly  noted  and  then  two  minutes  were  allowed 
before  starting  the  aspirators,  to  make  all  of  the  connections  properly. 
The  rabbit  was  therefore  under  the  bell  jar,  in  each  determination  of 
carbonic  acid,  for  exactly  thirty-two  minutes.  The  aspirators  were 
started  simultaneonsly  and  their  progress  carefully  watched,  in  order 
to  check  any  slight  irregularity  that  might  show  itself. 

The  animals  experimented  with  were  wholly  rabbits,  and  prelimi- 
nary trials  showed  us  plainly  that  it  was  very  necessary  to  have 
them  in  a  condition  of  hunger  during  the  experiment,  in  order  to 
avoid  the  irregularities  incident  to  change  in  digestion.  Further, 
we  soon  found  that  this  was  best  accomplished  by  depriving  the 
animal  of  food  for  three  days,  after  which  the  experiment  was 
commenced  and  allowed,  as  a  rule,  to  extend  through  three  con- 
secative  days,  the  animal  being  deprived  of  food  during  the  entire 
period.  On  the  first  of  the  three  days,  eight  determinations  of 
carbonic  acid  were  made  and  the  results  obtained  were  used  as  a 
control,  with  which  to  compare  the  results  obtained  on  the  two  fol- 
lowing days,  when  the  animal  was  being  dosed  with  the  substance 
experimented  with.  This,  as  a  rule,  we  found  to  be  the  most  satis- 
factory method  of  procedure,  since  small  differences  could  not  be 
relied  upon  as  expressing  anything  of  importance ;  for  the  varying 
restlessness  of  the  confined  animal,  involving  more  or  less  muscular 
activity,  would  many  times  lead  to  variations  in  the  amount  of  car- 
bonic acid  excreted,  as  may  be  noticed  in  the  control  experiments  on 
those  days  when  the  animals  were  not  dosed.  Hence,  the  average  of 
several  consecutive  results  must  necessarily  express  more  correctly 
the  average  elimination  of  carbonic  acid  than  any  single  result. 
Farther,  we  deemed  it  better  to  allow  the  experiments  to  extend,  as 
a  rule,  over  several  days  and  thus  study  the  action  of  small,  repeated 
doses  of  the  various  substances  i-ather  than  to  observe  the  effects  of 
a  single  large  dose,  where  violent  action  might  naturally  be  expected. 

The  following  table  of  results  illustrates  the  way  in  which  our 
experiments  have  been  conducted,  and  at  the  same  time  shows  the 
extent  of  variation,  in  the  amount  of  carbonic  acid,  to  be  expected 
under  normal  circumstances  from  day  to  day.  In  this  experiment, 
the  rabbit  had  been  deprived  of  food  for  three  days,  and  the  results 
show  the  amount  of  carbonic  acid  in  the  37*5  litres  of  aspirated  air 
for  four  distinct  periods,  during  the  fourth  and  fifth  days.  As  already 
stated,  the  total  amount  of  baryta  solution  employed  in  the  three 
absorption  tubes  was  250  c.  c,  of  which  100  c.  c.  were  used  in  the  first 

TRAH&  COVH.   AOAD.,  YOL.  VII.     52  Maboh,   1887. 


410       ChittifMd^a  (frui  Cummimt'^ If^tienee  of  t^ome  Orfftmic 

or  lower  tubo  {u),  while  tho  remainder  was  used  in  lb*a  two  other    I 
tubes  b  and  o.     Several  solutions  of  oxalic  acid  were  employed, ihe 
3 venire  streugtli  of  which  was  such  that  I  c.  c.  equaled  about  20 
mi  Hi  "Tama  of  eiirhonic  aeitl. 


TiJne, 

Oxiilic 
neiitml 

1 
uciti  to 
iy.G  bii* 

>■  =^  d  1 

5"    1 

g 

a)  -d 

.Si 

C  ^ 

■a  t- 

1 

9 

Mun^h  TM, 

9:48  Uj  10:1M 

Hh4 

sri^fl 

m-i 

4.>'1 

0-7 

ISO'S 

450-5 

38-8 

Ihfil  to  Vii^l 

lo-e 

2^1-3 

358      43*1 

9a 

172-7 

4320 

381 

a;r>u  to  :i:29 

10-6 

25SI 

a'i'b    4.^1 1 

fl.i 

'     172*7 

4320 

m 

0:<)«  to  -r.m 

10-4 

U'{} 

3rr3      45- 1 

9^8 

183*0 

455-1 

m 

M«rtU  UK 

(i:5»ti>  yt2tf 

10'2 

2.rl 

35*3      4ol 

08 

188-0 

455-1 

«-3 

10:ri3  to  11:23 

li^'U 

3fj3 

3tV2      4)'l 

8^9 

16o'3 

1    413-4 

«7-7 

tii^a  to  ;hj;i 

HJ'l3 

21-3 

34-4      4^V1 

10*7 

'     19H!*7 

496  8 

88-T 

4^r,i  to  r,:Ln 

100 

24M* 

a5^-l  1    i1-l 

9*0 

178*;^ 

,    445-9 
447-6 

88-» 

A^erap^e, 

1(^3 

25  0 

rr5     45M 

B*6 

170*0 

^•4 

A ct to  11  of  i t rant/ 1  n it ra te. 

As  stated  ill  a  prtrvditiLr  article  *  the  [thyaiologlcal  action  of  ura- 
uium  sail^  ha^  bt-eu  little  studieil.  Experimeuts  are  now  in  progrws 
to  nhnw  tlu'  itit1iH!nee  ol  uraiuurn  on  proteid  tnetaboli^m,  and  oar 
inT^i^ul  results  show  thi'  iiillneo<*e  of  this  substance  011  the  excre- 
tUJO  oT  carbiJiiii!  imd.  Tht^  rabbit  first  experimenled  with  was  de- 
priviil  ol  food  Un-  thret.*  days,  at  id  on  the  fourth  day  the  experi- 
nicur  was  eoriuiiem*e<l^  r^'tL'tidiiig  throuL,'h  three  entire  (lays,  during 
wbieU  lirtR'  thi'  aiiiunil  was  without  food  The  aeeonipauying  tables 
hhnw  tlu^  results  iiblained.  Tfio  Ixnly  teniperature  was  ascertained 
by  iiisi'riiot;  a  ^rHWi'^l^^U'ring  ifiermoineler  into  the  reeiaiti. 


'  UiiUleutE^ai  ^Likil  TiutdiiueuUi  this  volume. 
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A  study  of  the  first  results  shows  plainly  a  decided  action  on  the 
part  of  the  uranium  salt.  The  influence  of  the  salt,  however,  mani- 
fests itself  somewhat  slowly,  and  it  is  not  until  the  third  day  that  its 
action  becomes  very  pronounced,  when  the  increased  excretion  of  car- 
bonic acid  becomes  very  noticeable,  accompanied  with  a  slight  rise 
in  temperature.  The  first  action  of  the  uranium  appearsi  to  cause  a 
diminution  in  body  temperature  and  in  the  amount  of  carbonic  acid 
eliminated.  The  total  amount  of  uranium  salt  given  was  quite  large 
(1*175  grams  in  divided  doses),  and  although  no  especial  toxic  symp- 
toms showed  themselves,  the  animal  died  on  the  day  following  the 
conclusion  of  the  experiment. 

A  second  series  of  experiments  was  tried,  using  smaller  amounts 
of  uranium  nitrate  and  extending  through  four  days,  the  results  of 
which  are  also  shown  in  the  accompanying  tables.  The  rabbit  was 
deprived  of  food  for  four  days  prior  to  commencing  the  experiment. 
The  amount  of  uranium  nitrate  given  was  considerably  smaller  than 
the  quantity  employed  in  the  first  series  of  experiments,  and  the 
animal  did  not  suffer  any  permanent  ill  effects  from  its  use.  The 
following  table  shows  the  average  daily  result,  expressed  in  milli- 
grams of  CO,  contained  in  the  37*6  litres  of  aspirated  air,  together 
with  the  average  body  temperature. 


lay  8. 

88-9-  C. 

574-8  milligrams  CO, 

"    4. 

89-0 

540-8 

"     5. 

80*9 

581-2 

"    6. 

88-5 

716-8 

The  uranium  nitrate  was  introduced  by  hypodermic  injection  in 
the  following  quantities : 


May  8. 

0 

**    4. 

5:18  p.  m- 

0-080  gram 

of  the  salt 

"    5. 

8:40  a.  m. 

0-090 

"    5. 

10-J30  a.  m. 

0-100 

'•    5. 

12:40  p.  m. 

0-150 

*•    5. 

8:25  p^  m. 

0-150 

"    5. 

5:15  p.  m. 

0-200 

a       , 

"    6. 

0 

0-770 

In  this  second  series  of  experiments  it  is  to  be  noticed  that  the  first 
two  days  are  given  up  wholly  to  determining  the  normal  excretion  of 
carbonic  acid,  and  the  results  show  fully  how  close  an  agreement 
may  be  expected  under  normal  circumstances.     Taking  the  results 
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I 


FmsT  Series  of  Expebiments  with  IjRAimTM. 
Normal  period,  without  uranium  nitrate. 


April  20. 

A.   M. 

^*M  to  9:84 

9i57  to  10:27 

M^mio  11:29 

11:53  to  12:28 

p  If. 
1:59  to  2:29 

Srfil  to  8:21 

%m%o  4:16 

1:4 J  to  5:11 

A  reiage, 


7-8 
8-8 

9-8 

8-7 

8-8 
8-8 
8-4 
6-8 


With  uranium  nitrate. 


8-4 


25-9 
26-8 
26-6 
26-3 

26-3 
26-6 
261 
25-2 


26-2 


83-2 
351 


46-8 
46-8 


36-4  [  46-3 

35-0  I  46-3 

i 

a51  i  46-3 

35-3  46-3 


181 

11-2 

9-9 

11-3 

11-2 
11-0 


34-5      46-3        11-8 


820  ,   46-3 


34-6  I  46-3        11-7 


14-3 


242-7 
207-5 
188-4 
209-8 

207-5 
204-8 
218-6 
264-9 


iMte. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

73. 

1= 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba{OH),.     c.  c. 

DiflFerence.    c.  c.  ox-  ^ 
alic  acid. 

c5 

a 

2 
3 

t 

April  19. 

08 

tubes b 
and  c. 
c.  c. 

8  = 

6973 

>.b 

AM. 

9:47  to  10:17 

6-5 

24-8 

31-8 

46-8 

15-0 

278-9 

88-I 

10:45  to  11:15 

7-8 

25-8 

33-6 

46-3 

12-7 

285-3 

58S-3 

38-7 

11:46  to  12:16 

7-9 

25-8 

38-7 

46-3 

12-6 

238-4 

5836 

381 

p.  M. 

2:t>4  to  2:34 

8-4 

26-8 

84-7 

46-3 

11-6 

214-9 

537-3 

S8-4 

3:57  to  3:27 

8-4 

261 

84-5 

46-3 

11-8 

218-6 

5466     »^ 

8:58  to  4:28 

8-2 

26-1 

34-3 

46-3 

120 

221-4 

553*5     88-6 

4:12  to  5:22 

8-5 

26-2 

34-7 

46-3 

11-6 

214-9 

537*3 

88-: 

Average, 

7-9 

26-9 

33-8 

46-8 

12-5 

281-0 

5777 

38-« 

217-3 


6o6-8     S8-4 

I 
518-8     38-4 

458-6  j  m 
523-5     381 
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Date. 

Oxalic  acid  to 
neutralize  ba- 
rjta  soluiion. 

1. 

09 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba(OH),.    c.  c. 

Difference,    c.  c.  ox- 
alic acid. 

d 

1 

•2ti 
850-1 

CO 

B 

April  21. 

|d 

tubes  b 
and  c. 
c.  c. 

¥ 

A.M. 

0:03  to  9:82 

5-0 

22-4 

27-4 

46-3 

18-9 

875-5 

89-2 

9:58  to  10^28 

6-0 

24-9 

30-9 

46-3 

15-4 

286-1 

713-8 

38-9 

10:55  to  11:25 

6-0 

24-7 

80-7 

46-3 

15-6 

289-0 

722-6 

390 

11-47  to  12:17 

5-7 

24-8 

30-5 

46-8 

15-8 

292-7 

731-9 

39-4 

P.M. 

2.-00  to  2:80 

7-8 

25-7 

380 

46-8 

13-3 

246-4 

6x6x 

39-1 

2:55  to  8:25 

6-0 

250 

31-0 

46*3 

15-3 

288-4 

7087 

391 

8:47  to  4:17 

8-4 

26-2 

84-6 

46-3 

11-7 

216-7 

541-5 

39-2 

4:42  to  5:12 

9-3 

26-6 

35-9 

46-3 

10-4 

192-6 

4817 

891 

Ayerage, 

6-7 

25-0 

31-7 

46-3 

14-6 

269-5 

6739 

89-1 

The  following  figures  give  the  average  daily  resalt  in  body  tem- 
peraiore  and  in  the  amount  of  carbonic  acid  contained  in  37*5  litres 
of  aspirated  air : 


April  19, 

88-9"  C. 

577-7  milligrams  CO, 

•♦     20, 

38-5  " 

535-9 

"     21, 

89-1   '* 

673-9         ** 

The  nraninm  nitrate  was  introduced  by  hypodermic  injection  in 
the  following  quantities : 


April  19, 

5*40  p.  m. 

0*050  gram  of  the  salt. 

•«     20, 

8*55  a.  m. 

0-100 

"     20, 

10-85  a.  m. 

0-100 

-      20, 

12-40  p.  m. 

0150 

-     20, 

1-85  p.  m. 

0-150 

«     20, 

5*30  p.  m. 

0*300         •*            ♦'       . 

"     21, 

8-66  a.  m. 

0*200 

-     21, 

2*45  p.  m. 

0*125 
1175 

The  animal  died 

on  the  22d. 
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Second  Sbbibs  of  Experiments  with  Uranium. 
Normal  period,  without  uranium. 


T>ate. 

Oxalic  acid  to 
.  neutralize  ba- 
ryta solution. 

Total  oxalic  acid 
used,    c  c. 

Oxalic  acid  equiva- 
lent to  250  c.  a 
Ba(OH)a     c.  c. 



ti         Difference,    a  c.  ox- 
CO             al  c  acid. 

d 

a 

OB 
€8 

•Si 

8^ 

228-4 

57I-X 

i 

1 

s 

May  3. 

00 

1" 

tubes  b 
and  c. 
c.  c. 

I 
>>- 

1' 

A.  M. 

\hm  to  0:38 

9-2 

24*8 

88-5 

'14-8 

%-t 

t^mto  10:88 

9-5 

250 

84-5 

44-8 

10-8 

208-2 

520-5 

m 

llfflto  11:88 

8-7 

24-4 

881 

44-8 

11-7 

286-5 

591-3 ;  »^ 

\\m%o  12:27 

8-6 

24-2 

82-8 

44-8 

12-0 

242-5 

606-5    88  : 

[».  M. 

%mto  2:87 

9-7 

250 

84-7 

44*8 

10-1 

2041 

510-4  1  »^ 

2:39  to  8:29 

8-8 

24-2 

82-5 

44-8 

12-8 

248-6 

621-6    m 

3:50  to  4:20 

8-7 

24-6 

88-2 

44-8 

11-6 

284-5 

586-3     88^ 

4:44  to  5:14 

8-7 

24-5 

88-2 

44*8 

11-6 

284-5 

586-3     3H 

Average, 

8-9 

24-5 

88-4 

44-8 

11-4 

229-7   1 

574*3 

|»< 

Uvy^, 


A.  M. 

1^:50  to  9-J30 

9:it  to  10:19 

li);44  to  11:14 

iha?  to  i2Kyr 

L-.  M. 

1:56  to  2:26 
3:48  to  8:18 
8:41  to  4:11 
4;^  to  5:02 
A  v^erage, 


Normal  period — continued. 


10-9 
10-9 
11-8 
10-5 

10-7 
10-0 
10-4 
10-7 


9-2 

24-7 

88-9 

44-8 

9-5 

24-4 

88-9 

44-8 

8-9 

24-6 

88-5 

44-8 

9-5 

24-8 

84-8 

44-8 

9-1 

25-0 

841 

44*8 

9-6 

25-2 

84-8 

44-8 

9-4 

260 

84-4 

44-8 

9-8 

24-8 

84-1 

44-8 

9-8 

24-8 

841 

44-8' 

1 

10-7 


220-8      550-9  I  88-9 

I  I 

220-3      550-9     88-9 


228-4 
212-2 

216-8 
202-1 
210-2 
216-8 


216*8 


571-1  88-9 

530-6  86^ 

540-8  m 

505-6  sj-e 

5256  m 

540-8  8»<' 


540-8  ;  39^' 
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Date. 
May  5. 


Oxalic  acid  to 
neutralize  ba- 
ryta sohiiioiL 


JL.  M. 

8:48  to  9:18 
9:41  to  10:11 
10.99  to  11:19 
11:84  to  12H>4 

p.  M. 

1:57  to  2:27 
2:49  to  3:19 
8:45  to  4:15 
4:40  to  5:10 
Average, 

Ubj6. 

A,  M. 

8:52  to  9:22 
9:52  to  10:22 
10:48  to  11:18 
11:43  to  12:13 

p.  M. 

2:11  to  2:41 
8:02  to  3:32 
Average, 


5CJ 


lISo 


8-7 
8-5 
90 
8-7 

8-5 
9-0 
8-4 
8-6 


8-7 


24-6 
24-5 

24-8 
24-6 


OB 

M     . 

1  = 


38-3 
33-0 
33-8 
33-3 


>:  c  6 

isg 

o 


24-7      33-2 


24-8 
24-6 
24-4 


24-6 


33*8 
880 
380 


44-8 
44-8 
44-8 
44*8 

44*8 
44*8 
44*8 
44*8 


1-3  i  44-8 


11-5 
11*8 
110 
11-5 

11-6 
110 
11*8 
11-8 


a 

■'-  I 

o 


11-6 


282*4 
288*5 
222*3 
232*4 

234*4 
222*3 
238*5 
238*5 


282*4 


"a 

.2  5 
o  •- 


581-2 
5963 

555-9 
581*2 

5862 
5559 
5963 
5963 


581-2 


With  uranium  nitrate — continued. 


7*0 
5-6 


6-9  ,  24*0 

t 

6*9  j  240 

7*5  24*6 

7*5  24*4 

6-9   !  23*7 


1  I   291 
23*8      28*9 
30*9 


80-9 


44*8 
44*8 
44*8 
44*8 


321      44*8 


31*9 
80*6 


44-8 
44*8 


e 

a 


39*1 
89*8 
89*6 
89*9 

40-0 
400 
40-4 
40*5 


39-9 


15*7 

317*3 

793-4 

40*0 

15*9     ! 

321*4 

803-5 

39*6 

13*9     i 

280*9 

702*5 

88*2 

13*9 

280*9 

702-5 

87*9 

12*7 

256*7 

641-8 

37-4 

12-9     1 

261*7 

6S4-4 

881 

14-2 

286*5 

716-3 

38*5 
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EXPERIHENT  WITH  CUPRIC  SULPHATE. 

Normal  periodf  unthout  copper. 


I 


Date. 
May  10. 


A.  H. 

0:05  to  9:35 
lOrfK)  to  10:30 
llJ;57toll-J37 
11^  to  12:19 

p.  M. 

2:07  to  2:37 
3:00  to  3:30 
3:52  to  4:22 
4:42  to  5:12 
Average, 

May  11. 

A.  M. 

9:04  to  9:84 
!DK>3  to  10:33 
Wm  to  11:28 
U:54  to  12:24 

p.  M. 

1:56  to  2:26 
3;i9to3:19 
y:43to4:13 
4:39  to  5:09 
Average, 


Oxalic  acid  to 
neutralize  ba- 
ryta solution. 


«8     . 


n-3 

12-3 

11-8 
12-4 

12-2 
11-9 
12-4 
12-5 


121 


M' 


>  6  d 

Q>  O 

•-5  9^ 


27-7 

28-0 
27-8 
28-0 

27-9 
28-0 
28-0 
27-9 


27-9 


890 
40-8 
39-6 
40-4 

40-1 
39-9 
40-4 
40-4 


I 


40-0 


47-7  ' 

47-7 

47-7 

47-7 

47-7 
47-7 
47-7 
47-7 


8-7 
7-4 
8-1 
7-3 

7-6 
7-8 
7-3 
7-3 


47-7 


With  cupric  sulphate. 


130 

28-8 

41-3 

47-7 

12-0 

28-0 

40-0 

47-7 

12-7 

28-0 

40-7 

47-7 

12-5 

27-8 

40-3 

47-7 

11-8 

27-9 

39-7 

47-7 

130 

28-2 

41-2 

47-7 

13-2 

28-2 

41-4 

47-7 

13-7 

28-3 

420 

47-7 

12-7 

28-1 

40-8 

47-7 

d 

*? 
S 

(tf* 

•St 


hi 

9  ^ 

c- 


175-8 
149-5 
163-7 
147-5 

153-6 
157-6 
147-5 
146-5 


4397 
374'o 
4094 
3689 

384-1 

394*2 
368-9 
366-4 


87-9 
37-8 

m 


7-7     I     155-2      388-2  I  87^ 


6-4 

129-3 

3234 

7-7 

155-6 

389X  1 

70 

141-5 

353*8 

7-4 

148-5 

371*5 

8-0 

161-7 

4043 

6-5 

131-4 

3^8-5  ' 

6-3 

127-3 

318*4 

5-7 

115-2 

2881 

6-9 

138-8 

3471 

J7i 
87-3 


3«N 

av7 
m 

35-8 
37-0 


t 
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Date. 

Oxalic  acid  to 
neutralize   ba- 
rjta  solution. 

Total  oxalic  acid 
used.    c.  c. 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba(OH),.  c.  c. 

8 
c 
c 

1^ 

d 

09 

Xi 

'It 

8' 

•si 

8"' 

2 

1 

May  12. 

tubes  b 
and  c. 
c.  c. 

a 

A.  U. 

9:11  to  9:41 

18-8 

28-8 

41-6 

47-7 

6-1 

128-8 

3083 

85-2 

lOM  to  10:36 

18-6 

28-8 

41*9 

47-7 

5-8 

117-2 

293-1 

86-8 

11:00  to  11:80 

14-7 

28-8 

480 

47-7 

4-7 

95-0 

237-5 

85-7 

11-.53  to  12:22 

18-6 

28-4 

420 

47-7 

5-7 

115-2 

288-z 

86-8 

p.  M. 

3:15  to  2:45 

18-7 

28-2 

41-9 

47-7 

5-8 

117-2 

2931 

85-9 

3K)9to3:39 

18-7 

28-8 

42-0 

47-7 

5-7 

114-2 

285-5 

86-1 

8:59  to  4:29 

1 

14-4 

28-8 

42-7 

47-7 

5-0 

101-0 

252.7 

86-2 

40^  to  5:28 

14-0 

28-4 

42-4 

47-7 

5-8 

107-1 

2679 

86-2 

Average, 

18-9  1 

28-8 

42-2 

47-7 

5-5 

111-8 

278-3 

86-8 

Following  are  the  average  daily  results,  expressed  in  milligrams 
of  CO,  contained  in  37'6  litres  of  aspirated  air,  together  with  the 
arerage  body  temperature: 


May  10. 

87-9"  C. 

388-2  milligrams  CO, 

"     11. 

87-0 

847-1 

"     12. 

85-8 

278-8 

The  capric  snlphate  was  introduced  by  hypodermic  injection,  in  the 
following  amounts : 


Ma; 

10. 

5-84  p. 

m. 

0-026 

gram 

CuSO* 

<< 

11. 

8:57  a. 

m. 

0-005 

(1 

It 

<« 

11. 

9:55  a. 

m. 

0-026 

(( 

i< 

<( 

11. 

12:29  p. 

m. 

0-050 

(( 

n 

«< 

12. 

9K)8a. 

m. 

0-025 

(( 

l< 

0-180 

Rabbit  died 

on  the  13th. 

Trass.  Ck)NK.  Acad., 

TOL.  Vn.    53 

March, 

1887. 
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of  these  two  days  for  comparison,  it  is  seen  that  the  action  of  the 
uranium  is  somewhat  slow,  but  that  it  produces  on  the  first  day 
(May  5)  a  noticeable  rise  in  temperature,  without  any  appreciable 
change  in  the  elimination  of  carbonic  acid.  The  full  effect  of  the 
uranium,  however,  shows  itself  on  the  day  following  the  last  dose 
of  the  salt,  and  we  then  see  the  same  noticeable  increase  in  the  elim- 
ination of  carbonic  acid  noticed  in  the  first  series  of  eicpenmenU. 
We  have  to  conclude,  then,  that  uranium  nitrate,  when  taken  in 
sufficient  quantity,  tends  to  raise  materially  the  body  temperature 
and  to  increase  very  noticeably  the  excretion  of  carbonic  acid. 

Action  ofcupric  sulphate, 

Falck,  as  quoted  by  Dr.  H.  C.  Wood,*  has  found  that  cupric  sul- 
phate acts  upon  dogs,  pigeons,  rabbits  and  similar  animals  as  an 
irritant,  neurotic  poison  ;  producing  great  depression  of  temperature, 
with  progressive  general  paresis  ending  in  death,  apparently  from 
failure  of  respiration.  Our  experiments  on  rabbits  sliow  a  marked 
influence  of  the  salt  in  depressing  body  temperature  and  a  still 
greater  influence  in  diminishing  the  production  of  carbonic  acid. 
The  results  of  one  experiment  are  shown  in  the  preceding  table. 
Although  but  130  milligrams  of  the  copper  salt  were  used  altogether, 
the  animal  finally  died  on  the  day  following  the  conclusion  of  the 
experiment 

Action  of  arsenious  oxide, 

C.  Schmidt  and  Stttrzwagef  have  shown  by  experiments  on  cats, 
that  arsenious  acid  tends  to  produce  a  noticeable  diminution  in  the 
excretion  of  both  nitrogen  and  carbonic  acid.  Voit,  however,  bas 
pointed  out  th^t  in  these  experiments,  the  diminished  excretion  de- 
pends simply  on  the  loss  of  a  large  portion  of  the  food  by  vomiting, 
and  Bolck^  has  shown  that  small  doses  of  ai-senious  oxide  given  to 
hungry  dogs,  is  wholly  without  influence  on  the  decomposition  of 
proteid  matter.  With  large,  toxic  doses  of  arsenic,  G&htgen9§  and 
Kossel  II  have  shown  that  a  very  noticeable  increase  in  the  elimioa- 
tion  of  nitrogen  takes  place.     These  facts  constitute  about  the  sum 


*  Therapeutics,  Materia  Medica  and  Toxicology,  p.  46. 

t  Moleschott's  Untersuchungeo,  vi,  p.  283. 

X  Zeitschrift  fur  Biologie,  vii,  p.  430. 

§  Contralblatt  f.  Med.  Wiseen.,  1816,  p.  629. 

I  Arcbiv.  f.  exper.  Path.  ii.  Phann ,  v,  p.  128. 
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total  of  oar  knowledge  regarding  the  action  of  arsenic  on  tissae 
changes. 

Our  experiments  were  made  with  rabbits  in  a  condition  of  banger, 
deprived  of  food  for  tbree  days  prior  to  the  experiment,  and  the 
results  appear  to  show  that  arsenions  acid,  in  the  case  of  rabbits,  has 
a  tendency  to  diminish  the  excretion  of  carbonic  acid,  presumably 
through  its  action  on  the  metabolic  activity  of  the  tissue  cells.  The 
amount  of  arsenic  given  was  quite  small  and  the  animal  seemed 
wholly  unaffected  by  the  poison. 

Action  o/ potassium  antimony  tartrate, 

Voit*  states  that  antimony  in  large  doses  affects  proteid  metabo- 
lism in  the  same  manner  as  arsenic,  and  since  Saikowsky  has  shown 
that  both  arsenic  and  antimony  tend  to  produce  a  fatty  degeneration 
of  the  various  organs,  in  which  presumably  the  fat  is  formed  from  the 
decomposition  of  proteid  matter,  the  non-nitrogenous  raoicty  of  the 
alhumin  molecule  being  stored  up  as  fat  instead  of  being  burned  to 
carbonic  acid,  it  seems  natural  to  expect  that  these  two  substances 
when  taken  in  large  quantity  at  least,  should  like  phosphoi-us  diminish 
both  the  consumption  of  oxygen  and  the  elimination  of  carbonic  acid. 

With  rabbits  our  results  with  antimony  certainly  lead  to  this  con- 
clusion. Even  small  doses  of  tartar  emetic  quickly  lead  to  a  dimin- 
ished excretion  of  carbonic  acid  and  also  to  a  noticeable  fall  in  tem- 
perature. In  the  first  series  of  experiments,  the  results  of  which  are 
shown  in  the  accompanying  tables,  the  excretion  of  carbonic  acid  fell 
from  363*6  milligrams  per  37*5  litres  of  aspirated  air  to  203*8  milli- 
grams and  with  a  fall  in  temperature  of  from  39®  C.  to  34'6*  C.  The 
total  amount  of  tartar  emetic  given  was  82  milligrams. 

In  the  second  series  of  experiments,  where  as  before,  the  rabbit  had 
been  deprived  of  food  for  three  days  prior  to  the  experiment,  still 
smaller  quantities  of  antimony  were  given  with  even  more  pronounced 
results,  both  in  the  diminution  of  carbonic  acid  and  in  the  depression 
of  temperature.  Thus  while  in  the  normal  period  the  excretion  of 
carbonic  acid  amounted  to  396  milligrams  per  37*5  litres  of  aspirated 
air  and  with  a  normal  temperature  of  38-6°  C,  tartar  emetic  (0-056 
gram)  given  in  divided  doses  reduced  the  carbonic  acid  to  106*5  mil- 
ligrams per  37*5  litres  of  aspirated  air  and  the  temperature  to  27*0°  C. 
Ackermannf  has  already  called  attention  to  the  great  decrease  in 
animal  heat  produced  by  antimony,  notably  in  the  case  of  rabbits. 


♦  HermaDo's  Handbuch  der  Physiologie,  Band  vi,  p.  184. 
t  See  H.  C,  Wood,  Therapeutics,  etc.,  p.  168. 
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Experiment  with  Absenious  Oxide. 
NomuH  period,  without  arsenic. 


Date. 
June  7. 


A.  H. 

lU:U4to  10:84 
1 1:08  to  11:88 
1^:06  to  12:86 

p.  M. 

1:57  to  2:27 
3:52  to  3:22 
3i50to  4:20 
4:44  to  5:14 
Average, 

June  8. 

A.M. 

9:00  to  9:80 

&:52to  10:22 

Hh45to  11:15 

1 1:37  to  12K)7 

p.  M. 

2ai  to  2:44 
8i08  to  3:88 
3:58  to  4:28 
4:48  to  5:18 
Average, 


Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

1 
it 

h 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba(OH)a.    c.  c. 

8 

u  o 

1 

2 

a 
u 

I 

St 

8'  \f 

7-8 

24-5 

82-8 

44-8 

12-0 

242-5 

6o6s     387 

7-5 

26-2 

82-7 

46-6 

12-8 

258-7 

646-9     m 

9-2 

26-2 

85-4 

45-5 

101 

2011 

5104 

381 

8-3 

25-6 

88-9 

45-5 

11-6 

284-5 

586-3 

m 

8-6 

25-7 

84-8 

45-5 

11-2 

226-4 

5660 

m 

6-9 

25-5 

82-4 

45-5 

18.1 

264-8 

662-0     m 

9-1 
8-2 

24-9 

34-0 

45-5 

10-5 

211-2 

528-1  '  m 

25-4 

83-6 

46-8 

11-6 

234-6 

5866 

m 

With  arsenious  oxide. 


90 
10-8 
10-1 

9-8 

91 
10-4 
100 

9-4 


9-8 


25-8 
26-4 
26-3 
26-4 

26-0 
26-6 
26-4 
26-8 


26-3 


34-8 
86-7 
36-4 
36-2 

351 
36-9 
36-4 
85-7 


360 


46-6 

10-7 

215-2 

5382 

46-5 

8-8 

177-8 

4447 

45-5 

91 

188-9 

4599 

45-6 

9-8 

188-0 

4700 

46-5 

10-4 

218-8 

545*8 

45-5 

8-6 

172-8 

4321 

45-5 

91 

182-9 

457-4 

45-5 

9-8 

198-1 

495*3 

45-5 

9-5 

192-1 

4804 

88-8 
38-8 

m 

89-3 
3»-2 

88-9 
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With  arsenious  oxide— continiied. 


Date. 

Oxalic  acid  to 
neutralizo  ba- 
ryta solution. 

Total  oxalic  acid 
used.    c.  c. 

Oxalic  acid  equiva- 
lent to  260  0.  c 
Ba(OH),.    C.C. 

g 
d 
d 

it 

d 

8' 

t  . 

CO    « 

.21 

2 

s 

s 

June  9. 

1^ 

tubes  b 
and  c. 
c.  c 

i. 

r 

9:00*to'9:80 

9-4 

26-1 

85-5 

45-5 

10-0 

202-1 

505-4 

39-0 

9:52  to  10-^ 

10-4 

26-5 

86*9 

45-5 

8-6 

172-8 

432-1 

88-9 

10:41  to  11:11 

91 

261 

85-2 

45-5 

10-8 

208-2 

520-5 

891 

11:86  to  12.«06 

9-6 

26-3 

35*9 

45-5 

9-6 

194-0 

485-2 

89-0 

P.M. 

2:15  to  2:45 

9-6 

26*5 

861 

45-5 

9-4 

190-0 

475-1 

89-2 

8:06  to  8:88 

9-6 

26-5 

86-1 

45-5 

9-4 

1900 

475-1 

88-9 

8JW  to  4:27 

10-8 

26-5 

86-8 

45-5 

8-7 

175-8 

4397 

39-2 

4:47  to  5:17 

10-0 

28-5 

86-5 

45-5 

9-0 

181-9 

4648 

89-2 

Average, 

9-7 

26-4 

861 

45-5 

9-4 

189-8 

473-5 

391 

Average  daily  excretion  of  carbonic  acid  expressed  in  milligrams 
of  CO,  per  37-5  litres  of  aspirated  air,  and  avei-agc  temperature  is  as 
follows : 


June  7 

38-9'  C. 

586-6  milligrams  CO, 

*♦    8 

38-9 

480-4 

"    9 

89-1 

473-5 

The  arsenious  oxide  was  introduced  by  way  of  the  mouth  in  small 
gelatin  capsules,  in  the  following  doses  : 


June  7 


7 

5:25  p.  m. 

0-005  gram 

Ab,0, 

8 

8:47  a.  m. 

0-005 

it 

8 

12:12  p.  m. 

0-005 

t( 

8 

5-J35  p.  m. 

0-005 

(( 

9 

8:50  a.  m. 

0005 

tt 

9 

12:12  p.  m. 

0-010 

i 

0-035 
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First  sebibs  of  bxpbkihents  with  Antimont. 
Normal  period,  vnthojit  tartar  emetic. 


Date. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

March  31. 

ce 

1^ 

tubes  b 
andc. 
c.  c. 

9:08to*9:88 

18-9 

80-9 

10K)1  to  10:81 

18-8 

810 

10:56  to  11.26 

150 

810 

11:52  to  12:22 

18-7 

1   80-8 

p.  M. 

1:55  to  2-^5 

12-5 

80-0 

2:47  to  8:17 

15-0 

811 

8:41  to  4:11 

14-4 

80-4 

4:86  to  5K)6 

18-7 

80-8 

Average, 

14-0 

80-7 

1-i 


44-8 
44-8 
460 
44-5 

42-5 
461 
44*8 
44-5 


44-7 


goo 
Sod 

!^§ 

O  *-»  z_ 

o 


52-6 
52-6 
52-6 
52-6 

52-6 
62-6 
52-6 
52-6 


d    . 

?  « 

5 


52-6 


7-8 
7-8 
66 
8-1 

10-1 
6-5 

7-8 
81 


7.85 


.2 

O 
O 


a 
« 
ce 


I      . 


144-5 
144.5 
122-2 
1500 

187-0 
120-4 
144-5 
160-0 


361-3  38< 

3613  »"^ 

3057  m 

375-2 


467-7 
30X'i 
361-3 
375-2 


m 


m 

8M 


145-4  I  363-6 1  m 


April  1. 

A.  If. 

8:57  to  9-.27 

9:54  to  10:24 

10:50  to  11:20 

11:44  to  12-JS4 

p.  u. 
2:01  to  2:31 

Average, 


With  tartar  emetic. 


14-1 

80-8 

44-9 

52-6 

7-7 

141-7 

354*4     ^'^ 

14-5 

81-0  1   45-5 

52-6 

7-1 

181-5 

328-9     »^ 

15-4 

81-0  j   46-4 

52-6 

6-2 

114-8 

2872     »4 

15-4 

31-0 

46-4 

52-6 

6-2 

114-8 

287-2     85" 

17-0 

81-2 

48-2 

62-6 

4.4 

81-5 

2038     Ui 

15-8 

81-0 

46-8 

52-6 

6-8 

116-9 

2923     »3 

The  antimony  was  given   in  the  form  of  tartar  emetic  and  wi> 
introduced  by  hypodermic  injection  as  follows: 


March  81. 

5:20  p.  m. 

0-012  gram  tartar  emetic. 

April      1. 

8:45  a.  m. 

0086 

1. 

12:48  p.  m. 

0-085 

0082 


Rabbit  died  at  3:30  p.  m.,  April  1. 
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Second  sebies  of  ezferimbmts  with  Antimont. 
Normal  period,  without  tartar  emetic. 


Date. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

O 

«  C 

SS 
H 

-1 

Oxalic  acid  equiva- 
lent to  250  c.  c 
Ba(OH),.    c.  c. 

g 
o 

11 

d 

a 

o 

JO 

8^ 

1 
'5. 

■si 
8^ 

1 

April  5. 

3 

tubes  b 
and  c. 
c.  c. 

I' 

AM.            ^ 

9:14  to  9:44 

14-4 

80-9 

45-8 

52-6 

7-8 

185-2 

338*i 

88-4 

10K)9  to  10:89 

18-0 

80-8 

48-3 

52-6 

9-8 

172-8 

430« 

88-5 

WMioW'M 

18-1 

80-5 

48-6 

52-6 

90 

166-7 

4x6-9 

88-4 

11*J>7  to  12:27 
« 
2K)5U)'2:85 

14-5 

80-8 

45-8 

52-6 

7-8 

185-2 

3381 

88-6 

18-8 

80-7 

44-5 

52*6 

8-1 

150-0 

375-2 

88-9 

2:58  to  8:28 

181 

80-5 

48-6 

52-6 

9-0 

166-7 

416-9 

88-8 

352  to  4:22 

12-7 

80-5 

48-2 

52*6 

9-4 

1741 

4354 

88-9 

4:45  to  5:15 

12*9 

80-7 

486 

52-6 

9-0 

166-7 

416-9 

88-7 

Average, 

184 

80-6 

440 

52-6 

8-6 

158-4 

39«-o 

88-6 

April  6 

A.  M. 

8:59  to  9:29 
9:57  to  10:27 
10:52  to  11:22 
11-^  to  12:16 

p.  M. 

IM  to  2:28 
2:50  to  8:20 
8:42  to  4:12 
4-.88  to  5H)8 
Average, 


With  tartar  emetic. 


14-5 
15-2 
14-5 
14-5 

15-8 
14-5 
15-4 
15-7 


80-8 
81-1 
80-6 
810  , 

80-9 
80-9 
81-2 
81-2 


! 

45-8  I  52-6 

46-8  52-6 

45-1  52-6 

I 

45-5  52-6 


46-2 
45-4 
46-6 
46-9 


52-6 
52-6 
52-6 
52-6 


14-9  t   81-0  I  45-9  i   52*6 


7-8 
6-8 
7-5 
7-1 

6-85 
7-2 
5-95 
5-7 


6-68 


185-2  I    3381 


116-7 
188-9 
181-5 

117-6 
188-4 
110-2 
115-6 


291*8 

3474 
328-^ 

294-1 

3335 
275-6 
289*0 


124-9  I   312*2 


87-4 
86-7 
86-6 
87-8 

86-2 
86-2 
85-4 
85-7 


86-7 


AM        Chittenden  and  Cummins — Influence  of  some  Organic 
With  tartar  emetic— continued. 


Date. 

Oxalic  acid  to 
neutralize   ba- 
ryta solution. 

.•2 

-J 

Oxalic  acid  equiva- 
lent to  250  c.  c. 
Ba(OH),.     c.c. 

Difference  c.  c.    ox-  i 
alio  add.                 1 

1 

d 

a 

of 

'.Si 

8^ 

8^ 

2 

\ 

t 

April  7. 

1- 

tubes  b 
and  c. 
c.  c. 

E 
e 

A.  M. 

9i00to9:80 

17-6 

31-2 

48*8 

52-6 

3-8 

70-4 

1760 

m 

0:59  to  10:39 

18-5 

31*8 

49-8 

52-6 

2-8 

51-8 

1297 

m 

10JS8  to  11.23 

18-9 

31-4 

60-3 

52-6 

2*8 

42*6 

106-5  .  27^ 

ATerage» 

18-8 

31-8 

49-6 

52-6 

2-97 

54-9 

137-4 

m 

Average  daily  excretion  of  carbonic  acid  expressed  in  millignms 
of  CO,  per  3 7 '6  litres  of  aspirated  air,  together  with  average  temper- 
am  re  is  as  follows  : 

April  5.  88-6''  C.  3960  milligrams  CO, 

6.  36-7  312-0 

7.  28-3  137-4 

TbL*  following  amounts  of  antimony  were  injected  : 


April  5. 
6. 
6. 
6. 


5:30  p.  m. 

8:45  a.  m. 

12:39  p.  m. 

5-^  p.  m. 


0*015  gram  tartar  emetic. 

0-016 

0015 

0-010 

0-055 


Rabbit  died  at  12  m.,  April  7. 
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Action  of  morphine  siUphcUe. 

Boeck  and  Bauer*  have  already  made  a  caref al  study  of  the  action 
of  morphine  on  the  elimination  of  carbonic  acid  and  the  absorption 
of  oiygen.  By  experiments  on  a  cat  and  on  a  dog  they  found  that 
the  action  of  morphine  on  metabolism  was  mainly  an  indirect  one, 
affecting  especially  the  consumption  of  non-nitrogenous  matter. 
Farther,  that  its  action  hinged  mainly  on  its  power  of  affecting  mus- 
cular activity  ;  thus  in  the  case  of  a  cat  the  first  action  of  morphine 
was  to  increase  the  elimination  of  carbonic  acid  and  the  consumption 
of  oxygen,  doe  to  the  increased  muscular  activity  induced  by  the 
poison,  while  in  the  case  of  a  dog,  where  narcosis  was  half  induced, 
there  was  a  diminution  in  the  amount  of  carbonic  acid  eliminated 
amounting  in  one  case  to  27  per  cent.  This  diminished  excretion 
was  due  almost  wholly  to  the  quieting  action  of  the  morphine  and 
was  followed  by  an  after  period  in  which  there  was  increased  produc- 
tion of  carbonic  acid,  due  to  the  increased  activity  of  the  muscle 
tissue. 

In  these  experiments  the  dose  of  morphine  was  0'06  gram,  in  the 
form  of  chloride,  and  was  introduced  by  subcutaneous  injection.  The 
injection  of  the  poison  was  followed  soon  after  by  convulsions,  etc, 
indicating  vigorous  toxic  action.  In  our  first  series  of  experiments 
we  endeavored  to  have  the  toxic  action  less  pronounced,  and  for  this 
reason  the  morphine  was  introduced  by  way  of  the  mouth  in  repeated 
doses,  the  experiment  extending  through  three  days  and  into  the 
fourth.  The  rabbit  was  deprived  of  food  through  the  entire  period 
and  had  also  been  kept  without  food  for  three  days  prior  to  the 
experiment.     The  data  are  to  be  found  in  the  accompanying  tables. 

The  results  do  not  show  any  very  marked  action,  either  on  the 
excretion  of  carbonic  acid  or  on  the  body  temperature.  At  no  time 
was  there  any  noticeable  indication  of  increased  muscular  activity, 
the  rabbit  remaining  fairly  quiet  in  the  chamber  and  showing  no 
symptoms  of  tetanic  convulsions.  On  the  other  hand  there  was  no 
very  profound  narcotism.  A  study  of  the  individual  results,  how- 
ever, shows  that  directly  after  each  dose  of  morphine,  the  excretion 
of  carbonic  acid  fell  quite  noticeably  for  one  or  two  periods.  Such 
action  as  was  produced,  therefore,  in  this  experiment,  is  to  be  consid- 
ered simply  as  incidental  to  the  semi-somnolent  condition  of  the 
animal. 

In  a  second  shorter  series  of  experiments  with  a  rabbit,  one  single 


*  Zeitschrift  fjir  Biologie,  Band  x,  p.  339. 
Trahs.  Gohv.  Aoad.,  Vol.  Vn.    64  March,  1887. 
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FmsT  Series  of  Expebimsnts  with  Morphine. 
Normal  period,  without  morphine. 


I 


Date. 

Oxalic 
neutral 
rytH  so 

acid  to 
ze  ba- 

UtiOD. 

S   C3   O 

Total  oxalic  acid 
used.    c.  c. 

Oxalic  acid  equi  va- 
le Dt  to  250  c.  c. 
Ba(0H)2.     c.  c. 

Pifferonce  c  c.    ox- 
alic acid. 

1 
CO,  in  a,  b  and  c. 
rog. 

March  24. 

CS 
1^ 

A.  M. 

8^54  to  9:24 

11.0 

255 

86-5 

451 

8-6 

159-8 

3995  1  ^^ 

9:Q8  to  10:28 

11-9 

26-8 

87-7 

45-1 

7-4 

137-5 

344*0 

38-0 

1<»;50  to  11:20 

11-6 

25-7 

87-8 

451 

7-8 

144-9 

362-5  ,  ri^ 

11:48  to  12:16 



.... 

36-8 

461 

8-3 

154-2 

3857    ^<' 

2:14*to'2:44 

10-6 

261 

86-7 

461 

8-4 

1561 

390-3     88i 

3:08  to  8:88 

10-2 

261 

86-8 

45-1 

8-8 

168-5 

408-8  ,  388 

4:02  to  4:82 

10-8 

261 

36-4 

451 

8-7 

161-6 

404*2     **^ 

4:55  to  5:25 

114 

261 

87-5 

451 

7-6 

141-2 

353-2     37-^ 

Average, 

11-0 

25-9 

36-9 

45-1 

8-2 

152-4 

3810 

88-0 

Starch  26. 

8:61*to*9-.21 

i>:53  to  10-.23 

10:47  to  11:17 

11:44  to  12:14 

p.  M. 

3t01  to  2:31 
8rf)8  to  3:88 
4:04  to  4:34 
4:57  to  5:27 
Average, 


« 

With  morphine  mdphate. 

11-7 

26-5 

88-2 

46-1 

6-9 

128-8 

320-8 

11-8 

26-5 

88-3 

45-1 

6-8 

126-4 

3x6-2 

,10:9 

26-2 

871 

45-1 

8-0 

148-7 

371-8 

11-1 

26-4 

37-6 

45-1 

7-6 

1412 

zsp 

11-1 

26-2 

37-8 

461 

7.8 

144-0 

360-1 

11-7 

26-2 

87-9 

45-1 

7-2 

188-8 

3347 

11-0 

25-7 

86-7 

45-1 

8-4 

156-1 

3903 

100 

25-2 

36-2 

451 

9-9 

184-9 

462-3 

11-1 

26-1 

37-2 

45-1 

7-9 

145-4 

3637 

88-0 
88-0 

88*1 

88-: 

88-6 
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.Date. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

Total  oxalic  acid 
used.    c.  a 

Oxalic  acid  equiva- 
lent to  260  c.  c. 
Ba(OH),.    c.  c. 

8 

n 

5 

s 

Si 

8^ 

»o  I.* 

Si 

8' 

I 

March  26. 

tubes b 
and  a 
c.  c. 

a 

A.  M. 

9:24  to  9:54 

17-6 

85-8 

58-4 

60-5 

71 

181-5 

3289 

88-8 

10:19  to  10:49 

16-4 

85-6 

520 

60-5 

8-5 

157-4 

3937 

88-8 

11:14  to  11:44 

16-5 

85-7 

52-2 

60-5 

8-8 

158-7 

3845 

88*6 

la-HW  to  12:89 

16-5 

85-7 

58-2 

60-5 

8-8 

158-7 

384-5 

88-9 

l»8'to'2:28 

17-4 

85*8 

58-2 

60-5 

7-8 

185-2 

3381 

88-9 

2:55  to  8:25 

17-0 

85-7 

52-7 

60-5 

7-8 

144-5 

361-3 

88-7 

8:49  to  4:19 

161 

85-5 

51-6 

60-5 

8-9 

164-9 

412-3 

88-9 

4:48  to  5:18 

16-0 

35-8 

51-3 

60-5 

9-2 

170-4 

4237 

88-8 

Average, 

16-7 

85-6 

52-8 

60-5 

8-2 

151-8 

3784 

88-8 

March  27. 

A.  H. 

8:38  to  9:08 
9-^  to  lOKK) 


16-2 

85-6 

51-8 

60-5 

8-7 

161-1 

4030 

15-7 

85-5 

51-2 

60-5 

9-8 

172-8 

430-8 

88-9 
88-9 


Following  is  the  average  daily  excretion  of  carbonic  acid,  expressed 
ID  milligrams  per  37*5  litres  of  aspirated  air,  together  with  the  aver- 
age body  temperature : 


arc 

h24. 

88-0"  C. 

881-0  milligrams  CO, 

i( 

25. 

88-4 

868-7 

<i  . 

26. 

38-8 

878-4 

<( 

27. 

88-9 

416-9 

The  morphine  was  introduced  into  the  stomach  in  solution  in  the 
following  amounts : 


March  24. 

6:00  p.  m. 

0-075  gram  morphine  sulphate 

"      26. 

8:85  a.  m. 

0-075 

"      25. 

12:35  p.  m. 

0-075 

"      25. 

5:50  p.  m. 

0-100    •       " 

"      26. 

9:15  a.  m. 

0-100 

**      26. 

12:50  p.  m. 

0-100 

0-525 
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large  dose  of  morphine  sulphate  was  given,  and  given  by  hypo- 
dermic injection.  In  this  case,  as  before,  there  was  no  increased 
muscular  activity,  but  there  was  a  sudden  and  rapid  fall  both  in  tern- 
[K^rature  and  in  the  amount  of  carbonic  acid  excreted,  the  latter  of 
wliich  was  still  quite  pronounced  on  the  following  day,  although  the 
temperature  has  gone  back  to  normal.  This  diminution  in  carbonic 
acid  was  accompanied  by  a  profound  narcotism,  the  animal  lying 
almost  motionless  and  with  a  respiration  ranging  from  8  lo  20  per 
minute.  The  results,  which  are  to  a  certain  extent  corroborative 
of  Boeok  and  Bauer's,  are  shown  in  the  accompanying  table: 


Second  Series  of  Experiments  with  Morphine. 
Normal  period  unthout  morphine  sulphate. 


Time. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

3 

a  C 
So 

Oxalic  acid  equiva- 
lent to  2bO  c.  c. 
Ba(OH),.    c.  c. 

s 

6 
d 

a 

ha  TS 

d 

a 

OS 

8  = 

6 

\ 

I 

3 

1" 

tubes  b 
and  c. 
c  c. 

March  12. 

A.M. 

9:12  to  9:42 

15.4 

841 

49-5 

59-26 

9-75 

180-6 

4650 

m 

10:00  A.  M.,  injected  subcutaneously  0  100  gram  morphine  sulphate. 


A.  M. 

10:23  to  10:53 

11:29  to  11:59 

12:32  to  1:02 

p.  M. 

2:48  to  3:18 

3:49  to  4:19 

4:47  to  5:17 

March  13. 
10K)8  to  10:38 


16-9 

34-5 

51-4 

59-26 

7-85 

145-4 

17-3 

34-5 

51-8  ,  59-25 

1 

7-46 

138-0 

16-3 

341 

50-4 

59-26 

8-85 

164-0 

17-0 

34-2 

61-2 

59-25 

8-05 

149-2 

17-8 

34-6 

52-4 

59-25 

6-86 

126-9 

171 

84-3 

51-4 

59-25 

7-86 

145-4 

16-9 

34-3 

51-2 

59-26 

805 

149-2 

363s  *^ 

342-5  «* 

410-0  33-5 

373-0  W-4 

317-3  ^^ 

363-5  36S 


3730 


m 


Action  of  quinine  sulphate. 

The  importance  of  quinine  as  a  therapeutic  agent  and  particalariT 
its  value  as  a  febrifuge  has  led  to  a  thorough  study  of  its  pbysiolog- 
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ical  action.  In  this  connection,  the  action  of  qainine  on  proteid 
metabolism  has  been  very  thoroughly  investigated,  but  as  to  its  exact 
inflaence  on  the  decomposition  of  non-nitrogenous  matter,  as  shown 
by  its  effects  on  the  elimination  of  carbonic  acid,  there  is  less  una- 
nimity of  opinion.  This  is  naturally  a  point  of  considerable  import- 
ance for  if,  as  is  generally  supposed,  the  alkaloid  has  the  power  of 
diminishing  body  temperature,  it  would  presumably  be  due  to  itsiu- 
flaence  on  the  combustion  of  non-nitrogenous  matter  in  the  body. 
Ranke,  Kerner,  von  Boeck  and  others  have  plainly  shown  the  power 
of  quinine  to  diminish  proteid  metabolism,  but  Strassburg,  by  an 
elaborate  series  of  experiments*  found  that  the  alkaloid  had  no  very 
decided  effect  upon  the  elimination  of  carbonic  acid,  either  in  healthy 
or  fevered  rabbits. 

Boeck  and  Bauer,f  however,  from  experiments  on  cats,  claim  that 
qainine  in  the  first  stage  of  its  action  diminishes  somewhat  the  pro- 
duction of  carbonic  acid,  owing  to  its  inhibitory  action  on  the  tissue 
cells;  but  when  large  doses  of  quinine  are  given,  so  that  con- 
vulsions appear,  then  there  is  an  increased  production  of  carbonic 
acid,  owing  to  the  greater  decomposition  of  non-nitrogenous  matter 
incident  to  increased  muscular  activity.  With  small  doses  of  the 
alkalQid,  it  is  to  be  presumed  that  the  slight  diminution  in  carbonic 
acid  noticed  by  Boeck  and  Bauer  comes  simply  from  diminished 
proteid  metabolism. 

In  our  experiments,  rabbits  only  were  used  and  these  in  a  con- 
dition of  hunger,  having  been  deprived  of  food  for  three  days  prior 
to  the  experiment.  In  the  first  series  of  experiments,  the  total 
amount  of  quinine  given  was  quite  large,  so  that  at  last  the  animal 
finally  died  from  its  effects.  No  decided  action  on  the  production  of 
carbonic  acid  was  noticed  until  just  before  the  animaPs  death, 
when  both  the  body  temperature  and  the  amount  of  carbonic  acid 
fell  quite  noticeably.  On  the  second  day  of  the  experiment,  when 
the  quinine  was  first  being  given,  the  body  temperature,  as  taken  per 
recium,  fell  quite  gradually  until  it  finally  reached  a  point  rs  ®C. 
below  the  average  of  the  normal  period.  The  results  of  the  experi- 
ment are  to  be  seen  in  the  accompanying  tables.  The  quinine  given 
was  in  the  form  of  hard,  gelatin-coated  pills  and  possibly  was  not  as 
rapidly  absorbed  as  might  otherwise  have  been.  At  no  time  was  the 
rabbit  in  convulsions. 

♦Quoted  from  Dr.  H.  C.  Wood,  TherapeuUcs,  p.  75. 
f  Zeitscfarift  furBiologie,  Band  x,  p.  350. 
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First  Seribs  of  E^eriments  with  Quinine. 
Normal  period,  without  quinine  sulphate. 


Oxalic  acid  to 

1 
1 

«  d 

8 

1     d 

ueutralize  ba- 

1 -"S 

•h^o 

o 

'    -o 

)^td. 

ryta  solution. 

^d 

Z"^^ 

d 

i    s 

J       1  5 

Apnl  13. 

lube  a. 

c.  c. 

• 

-^  d 

Sts  d 
2  «  o 

Total  oxalic 
used.     c. 

Oxalic  acid 
lent  10  2 

i 

r 

CO,  in  a,  b 
mg. 

O              2J 

A.  It 

1 
1 

»:11  to  0;4I 

9-5 

24-2 

38-7 

41-5 

7-8 

144-5 

361-5    '   »?'" 

mm  to  lQ:Wi 

10-8 

24-4 

85-2 

41-5 

6-8 

116-7 

291-8     »-7 

10:58  to  11:2$ 

10-8 

24-2 

850 

41-5 

6-5 

120-4 

301-1     387 

tlMio  i2:U 

10-7 

24-2 

84*9 

41-5 

6-6 

122-2 

3057     »S 

p.  4L 

1 

1:58  to  '^M 

10-0 

24-0 

84-0 

41-5 

7-5 

138-9 

347.4  1  m 

S:51  ti>  8:21 

10-0 

24-2 

84-2 

41-5 

7-8 

135-2 

3381     384 

8;49  to  i:l& 

10-5 

24-3 

84-8 

41-5 

6-7 

124-1 

310-4     38-7 

4:41  to  5:11 

110 

24-8 

85-8 

41-5 

6-2 

114-8 

287-2     38^ 

Average,        i 

10-4 

24-2 

84-6 

41-5 

6-8 

127-1 

3ir8    m 

April  13. 

A.  SI. 

9:14  to  9:44 
10:tOto  111:40 
lltaito  11;3.1 
11^  to  13:38 

1:55  to  2^^ 
2:ie  to  S:in 

3:41)  to  4;|il 
i'Mio  rr,m 
Avc*rttge* 


9-3 
11-3 
U-0 
tO-3 

9-4 

10-1 

9-3 

10-3 


101 


With  quinine  sulphate. 


23-9 
23-9 
24-4 
24-2 

240 
24-2 
23-8 
241 


241 


83-2 
35-2 
35-4 
34-5 

88-4 
34-3 
83-1 
34-4 


I 


34-2 


41-5 

41-5 
41-5 
41-5 

41-5 
41-5 
41-5 
41-5 


41-5 


8-8 
6-3 
61 
7-0 

8-1 
7-2 

8-4 
71 


153-7 
116-7 
118-0 
129-7 

150-0 
138-4 
168-7 
148-5 


384-5  386 

291-8  38^ 

282-6  !  88^ 

3x4-3  '  38i 

375-2  881 

333*3  \  37-6 

340-5  I  371 

282-6  m 


7-3      ,    138-6        325-6     881 
'I 
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Date. 
April  14. 


8»4to  9:24 

9:50  to  10:20 

10:43  to  11:13 

11.88  to  12K)8 

p.  M. 

1:57  to  2:27 
Average, 


1 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

:2c 

h 

5" 

Difference,    c.  c.  ox- 
aUc  acid. 

a 

09 

I* 

CO,  in  H7-5  L.  aspi- 
rated air.    mg. 

3 

tube  a. 
c.  c. 

tubes  b 
and  c 
c.  c.  • 

f 

10-0      24-3 

34-3 

41-5 ; 

7-2 

138'4 

333'S 

38*6 

10-2      241 

84-8 

41-6  ! 

7-2 

188-4 

3335 

38*2 

9-8      24-0 

83*8 

41-6 

7-7 

142-6 

3567 

38*8 

10-9      24-3 

i 

35-2 

41-6 

6-3 

116-7 

291*8 

37*6 

11-3      24-5  ' 

35-8 

41-5 

5-7 

105-6 

264*0 

34-7 

10-4      24-2 

34-6 

j  41.5 

1                       , 

6-9 

126-3 

3159 

37-5 

The  followiog  amounts  of  quinine  were  given  by  way  of  the  mouth : 


Aprill2 

5-^  p.  m. 

0*180  gram  q 

uinine  sulphate. 

**      18 

9:10  a.  m. 

0-260      ** 

*'      13 

1:00  p.  m. 

0*390     '• 

**      18 

5:15  p.  m. 

0*520     " 

*'      14 

8:45  a.  m. 

0-520      ** 

**      14 

12K)0  m. 

0-780      ** 

2*600 


Rabbit  died  at  3  p.  m.  April  14. 

Following  are  the  average  daily  results  in  temperature  and  in  the 
amount  of  carbonic  acid  excreted  per  37*5  litres  of  aspirated  air. 


April  12 

38-6^  C. 

317-8  milligrams  CO 

"      13 

88-1   " 

325-6 

••      14 

37*5  ** 

815-9 
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Second  SiJtiBS  op  Expebiments  with  Quinine. 
Normal  period^  without  quinine  sulphate. 


Oxalic 

acid  to 

?"'n 

g 

Datfl. 

neutrn 
ryt&  » 

jKo  ba- 
QluUon. 

Total  oxalic  acid 
used.    c.  c. 

•3  «    . 
o  to 

Difference,    c.  c 
alic  acid. 

May  17, 

4 

A.  M. 

6:40  to  fi:10 

5*8 

ai-2 

27-5 

41-8 

14-8 

9:33  to  10:08 

01 

22-8 

28-9 

41-8 

12-9 

10:39  to  10:59 

es 

23-6 

28-8 

41-8 

18-0 

11:34  to  ll:iH 

4-9 

21-9 

268 

41-8 

150 

P,  M. 

l;^to  %M 

60 

S31 

271 

41-8 

14-7 

2 :4a  to  a:18 

4-5 

2S-0 

26-5 

41-8 

15-3 

a:4ato  4:13 

•'7 

3y-i 

29-8 

41-8 

120 

4:35  to  5:1>5 

6T 

2H0 

29-7 

41-8 

121 

Average, 

5-7 

32-4 

28-1 

41-8 

13-7 

'Si 


2890  7227 

260-7  651-9 

i   262-7  6570 

803-2  7581 


m 


2971 
809-2 
242-5 
244-5 
276-8 


742*9 
773-2 
606-5 
611-5 
690-5 


8&-8 
391 

89-0 

m 


May  18, 

A,  M. 

9:0r>to  1A-M 
10:U0to  11:30 
10:51  to  11:21 
11:46  to  12:16 

2:14  to  2:44 
8:07  to  8;37 
4:01  to  4:81 
4i5a  to  5{28 
Average, 


With  quinine  sulphate. 

6*2 

22-5 

28-7 

41-8 

18-1 

264-8 

662-0 

38-6 

7-5 

2^-0 

30-5 

41-8 

11-8 

228-4 

5711 

88-4 

5 '6 

22-1 

27-7 

41-8 

14-1 

2a5-0 

712-6 

38-3 

60 

33-5 

28-5 

41-8 

18-8 

268-8 

672*2 

38-? 

65 

2ti!-8 

29-3 

41-8 

12-5 

252-6 

6317 

38^ 

65 

22-9 

29-4 

41-8 

12-4 

249-6 

624-1 

39i« 

7'0 

23-1 

30-1 

41-8 

11-7 

236-5 

591-3 

39-0 

6-0 

22-1 

28-1 

41-8 

18-7 

276-9 

692-4 

88-4 

6^4 

1 

23-6 

29-0 

41-8 

12-8 

257-8 

6447 

3^-: 

cmd  Ifwrganic  Substances  on  Octs  Metabolism, 
With  quinine  sulphate— continued. 
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Date. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

8-1 

r 

Oxalic  acid  equiva- 
lent to  250  c.  a 
Ba(OH).,.     c.  c 

g 
6 

5 

d 

a 

OS 

of 

0      . 

8-' 

2 

May  19. 

tube  a. 
c.  c. 

tubes  b 
and  c. 
c.  c. 

1 

9:02  to  9:32 

7-3      280 

80-3 

41-8 

11-5 

232-4 

58x'2 

88-9 

9.57  to  10:27 

7-6 

23-2 

30-8 

41-8 

110 

222-3 

555*9 

38-4 

10:50  to  11^30 

7-2 

23-1 

80-3 

41-8 

11-5 

232-4 

58i'2 

38-7 

11:43  to  12:13 

6-9 

230 

29-9 

41-8 

11-9 

240-5 

6oz'4 

38-6 

P.M. 

2K)8to  2:38 

7-5 

23-2 

30-7 

41-8 

IM 

228-3 

558-4 

38-9 

2:54  to  8:24 

8-2 

23-6 

31-8 

41-8 

100 

202-1 

505'4 

38-5 

8:47  to  4:17 

7-4 

23-3 

30-7 

41-8 

111 

224-3 

561  •© 

38-8 

4:40  to  5:10 

7-1 

23-1 

30-2 

41-8 

11-6 

284-5 
226-4 

586-3 
566-4 

88-8 

Average, 

7-4 

23*2 

80-6 

41-8 

11-2 

88-7 

The  qainine  i^as  given  by  way  of  the  mouth  in  gelatin  capsules,  in 
the  following  quantities : 


May  17 

5:80  p.  m.  • 

0*250  gram  quinine  sulphate. 

*•     18 

8:50  a.  m. 

0-250    " 

'*     18 

12'^  p.  m. 

0-250    ** 

"     18 

5:35  p.  m. 

0-250    ** 

"     19 

8:50  a.  m. 

0-325    " 

**     19 

1:55  p.  m. 

0-250    ** 

1-575 


Following  are  the  average  daily  excretions  of  carbonic  acid  ex- 
pressed in  milligranis  of  CO,  per  37*5  litres  of  aspirated  air,  together 
with  the  average  body  temperature  : 


Biay  17  38-6'  C. 

**    18  38-7  ** 

**    19  88-7   ** 

TaAxs.  CoKK.  ACAJ)«  Vol.  VII.    55 


690-5  milligrams  CO» 

644-7 

566-4 


Maboh,  1887. 


434       Chittenden  and  Cummins — Influence  of  some  Organic 


Third  Series  op  Experdcentb  w^th  Quinine. 
Normal  period,  unthout  quinine  sulphate. 


Time. 

Oxaltc  and  to 
neutralize  ba- 
rjta  solution. 

Set 

■=  8 

E, «  cJ 

o 

Q 

d 

d 

si 
II 

(S 

a 

""  in 

d  ^ 

2 
1 

UarchB, 

2  ^ 

-^  d 

St3   d 
^  «   d 

c 

A,   M. 

0:50  to  10:20 

16-5 

88-9 

49-4 

59-25 

9-85 

182-5 

4563 

39i 

10:58  A.  M.  injected  subcutaneously  0*088  gram  quinine  sulphate. 
11:13  to  11:46 
12:35  to  12:55 

P.  H. 

3:00  to  8:80 
4:0a  to  4:86 
Average, 


16-9 

84-5 

51-4 

59-25 

7-85 

145-4 

3635 

88-4 

15-8 

88-9 

49-2 

59-25 

10-05 

186-2 

4655 

« 

15-6 

84-0 

49-6 

59-25 

9-65 

178-8 

447-0 

m 

15-8 

88-7 

49-5 

59-25 

9-75 

180-7 

4518 

m 

15-9 

84-0 

49-9 

59-25 

9-85 

172-8 

4320 

39-5 

Fourth  Series  of  Experiments  with  QmNiNE. 
Normal  period,  without  quinine  sulphate. 


TiDie. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

S  0 

>  6  0 

1 
Difference,    c.  c.  ox- 
alic acid- 

d 

■% 

Xt 

8^ 

9  u 

1 

March  10. 

tubes  b 
and  c. 
c.  c. 

1^ 

Oxalic  ac 
lent  to 
Ba(OH 

"1    i 

.2  S       ""^ 

A.  M. 

9:lt  to  9:41 

15-0 

1 
88-8  1  48-8 

59-25 

10-45 

198-6 

4840      S8^ 

10rl5  A.  M. 

injected  subcutaneously  0 

'15  gram 

quinine 

sulphate. 

10:38  to  11:08 

16-5 

84-6 

51-1 

59  25 

8-15 

151-0 

377-5     «* 

11:39  to  12:09 

15-4 

88-9 

49-8 

59-25 

995 

184-4 

46x0      88H> 

lS;38to  1K)8 

15-8 

84-1 

49-4 

59-25 

9-85 

182-5 

456-3      88-4 

2:54  to  8:24 

160      84-3 

50-8 

59-25 

8-95 

165-8 

414-5    m 

4K>T  to  4:87 

15-9      841 

500 

59-25 

9-25 

171-4 

428-5   '  38-8 

ATerage, 

15-8  ,   84-2 

50-0 

59-26 

9-25 

171-0 

4276      38^ 

and  Inorganic  Substances  on  Gas  Metabolism. 
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Experiment  with  Cinchonidike. 
Normal  period,  without  einchonidine  stdpJiate, 


Date. 

Oxalic  acid  to 
neiiiralize  ba- 
ryta solution. 

1 . 

a  CI 

June  24. 

tube  a. 
c.  c 

tubes b 
aud  c. 
c.  c. 

P 

A.  M. 

9H)0  to  9-.ao 

9:56  to  10-26 

10:47  to  11:17 

11:38  to  12.-08 

P.  M. 
2K)8to2:83 

2:51  to  8:21 

8:42  to  4:12 

4:30  to  5K)0 

Average, 
June  25. 

A.  M. 

9K)3  to  9-.88 

9-J»  to  10:28 

10:53  to  11:28 

11:48  to  12:18 

P.  M. 
2M  to  2:84 

2:59  to  8:29 

3:56  to  4:26 

4:50  to  5-.20 

Average, 


10-6 
11-2 
120 
10-6 


28-8 
29-1 
290 
28-7 


89-4 
40-8 
410 
89-8 


10-8 

28-5 

88-8 

9-4 

28-2 

87-6 

'     9-7 

28-5 

88-2 

1     '' 

28-5 

88-2 

1    10-5 

28-6 

89-1 

H 

. 

$66 
•3  V  c5 

O 

d  c. 

^t 

2 

■5 

S*® 

d 

08 

^ 

? 

'O  P?    « 

ai"d 

Xi 

«.!=• 

SL 

xalic  aci 
lent  to 
Ba(OH 

§'5 

IS 

h 

0,  in  37 
rated  a 

O 

C 

O 

u 

n 

50-2 

10-8 

218-8 

545-8 

86-4 

50-2 

9-9 

200-1 

500-3 

87-4 

50-2 

9-2 

185-9 

4650 

881 

50-2 

10-9 

220-8 

550-9 

86-8 

50-2 

11-4 

280-4 

5761 

86-9 

50-2 

12-6 

254-9 

6368 

871 

50-2 

120 

242-5 

«o6s 

870 

50-2 

120 

242-5 

606-5 

86-4 

50-2 

11-1 

224-8 

S^i'o 

87  0 

With  einchonidine  sulphate, 
10-8 

9-9 
10-4 

9-9 


10-8 

28-6 

39-4 

50-2 

11-4 

28-9 

40*3 

50-2 

11-1 

28-7 

89-8 

50-2 

11-6 

28-7 

40-8 

60-2 

11-1 

28-8 

89-9 

50-2 

,   11-5 

290 

40-5 

50-2 

11-6 

29-0 

40-6 

50-2 

12-1 

29-1 

41-2 

50-2 

11-4 

28-8 

40-2 

50-2 

218-3 
200-1 
210-2 
2001 


545-8 
5003 

5«5-6 


10-3 

208-2 

9-7 

196-0 

9-6 

194-0 

90 

181-9 

38-6 
38-6 
88-6 


100        201-1 


500-3 

88-7 

520-5 

38-9 

490-2 

39-0 

485-2 

39-0 

454-8 

891 

502-8 

38-8 

Following  are  the  average  daily  amounts  of  carbonic  acid  excreted, 

expressed  in  milligrams  per  37*6  litres  of  aspirated  air,  together  with 

the  average  body  temperature. 

June  24,  87-0'  C,  561  -0  milligrams  COa. 

**    25,  38-8  502-8 

Following  are  the  doses  of  einchonidine  : 

June  24,  5:12  P.  M.,  1*000  gram  einchonidine  sulphate. 

"    25,  10:35  a.  m.,  0-250     " 

**   2lk,  12:35  p.  M.,  0-325     ** 

>  1-575 

Rabliit  died  at  5:40  p.  m.,  June  25,  in  convulsions. 


1 
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In  the  second  series  of  experiments,  smaller  doses  of  qainine  were 
employed,  so  that  no  special  toxic  action  was  observed.  In  this  case 
tbere  seemed  to  be  a  gradual  falling  off  in  the  amount  of  carbonic 
add  produced;  such  a  decrease  as  might  be  assumed  would  natorallj 
result  from  diminished  proteid  metabolism. 

Tlie  results  are  shown  in  the  accompanying  tables. 

The  body  temperature,  as  determined  per  rectum  did  not  show  any 
ell augt'  whatever  under  the  influence  of  this  quantity  of  qainioe 
(total  doBe  1*575  gram  of  quinine  sulphate).  There  does  not  appear 
to  be  any  proof  that  moderate  doses  of  quinine  lower  the  body 
temperature  of  healthy  animals  or  even  man,  and  Kerner  found  in 
bi@  e^Lperiments  that  a  full  dose  of  quinine  given  to  a  healthy  man 
would  prevent  the  usual  rise  of  temperature  resulting  from  vigorous 
exercise,  but  did  not  affect  the  temperature  under  ordinary  circnm- 
stances,  Liebermeister*  has  also  reported  that  the  alkaloid  has  no 
cortfitatit  depressing  action  on  the  bodily  heat  in  health. 

Twu  other  short  series  of  experiments  were  tried  with  quinine, abo 
with  rabbits  in  a  condition  of  hunger.  In  both  of  these  cases  the 
quinine  was  introduced  by  sub-cutaneous  injection  in  the  form  of 
sulpliaie.  In  both  cases  there  was  a  slight  fall  in  temperature, 
accompanied  with  a  noticeable  decrease  in  the  amount  of  carbonic 
acid  eliminated,  directly  after  injection  of  the  quinine.  This  effect, 
liowiiveTj  was  only  temporary,  for  the  temperature  quickly  rose 
to  the  normal,  and  even  somewhat  above  the  normal  point,  while 
the  carbonic  acid  in  the  third  series  came  quite  back  to  the  normal 
and  in  the  fourth  series  remained  only  a  little  way  below. 

It  would  appear,  therefore,  from  our  experiments,  that  in  a  healthy, 
hungry  rabbit  moderate  doses  of  quinine  sulphate  exercise  at  the 
most  only  a  very  slight  depressing  influence  on  body  temperature, 
and  huve  but  a  minimum  effect  on  the  production  of  carbonic  acid. 

Action  of  cinchonidine  sulphate. 

Pnn  tous  experiments  f  on  man  have  shown  that  cinchonidine  has 
tliQ  power  of  lessening  materially  the  elimination  of  nitrogen,  pre- 
sumably through  its  inhibitory  action  on  proteid  metabolism. 

Cinchonidine  is  supposed  to  have  much  the  same  physiological 
action  aa  quinine  and  cinchonine,  only  weaker.     Our  .present  experi- 


*  De^itacb,  Archiv  fiir  Klinischo  Medicin,  Band  iii. 

f  St'P  Chittendeu  and  Wbitehouse,  Studies  from  the  Laboratory  of  Phyaologici 
ObciniBtrri  Tol.  i.  p.  164. 
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ments  with  the  alkaloid,  using  quite  large  amounts  of  the  sulphate, 
show  a  somewhat  different  action  from  quinine.  Using  a  large  rab- 
bit, without  food  for  three  days,  and  giving  it  by  way  of  the  mouth, 
in  gelatin  capsules,  large  doses  of  the  alkaloid,  there  was  a  very 
noticeable  and  constant  rise  in  temperature  up  to  the  very  time  of 
death,  accompanied  by  a  slight  but  gradual  diminution  in  the  amount 
of  carbonic  acid  given  off.  In  all,  1*576  grams  of  cinchonidine  sul- 
phate were  given;  an  amount  exactly  equal  to  the  quinine  sulphate 
given  in  the  second  series  of  experiments  with  quinine.  With  cin- 
chonidine, however,  the  rabbit  was  much  prostrated,  showed  symp- 
toms of  tetanic  convulsions,  and  finally  died  in  a  vigorous  tetanic 
spasm  at  the  end  of  the  second  day. 
The  results  are  shown  in  the  preceding  table. 

Action  of  Antipyrine, 

Antipyrine  or  dimethyloxychinicine  has  of  late  been  much  experi- 
mented with.  Among  the  many  statements  which  we  have  seen 
recently  concerning  its  action  are  the  following,  which  are  of  interest 
in  this  connection.  Arduin  *  found  that  3  grams  given  to  a  i*abbit 
produced  cataleptic  stiffness,  diminished  reflexes,  etc.,  followed  by 
violent  convulsions.  There  was  also  a  very  marked  fall  of  bodily 
temperature.  Anseroff,f  by  experiments  on  animals,  found  that  the 
alkaloid  caused  an  increase  of  blood  pressure  and  a  decrease  of  inter- 
nal temperature,  as  shown  by  a  thermometer  in  the  rectum,  but  a 
considerable  rise  in  the  external  temperature,  sometimes  as  much  as 
12**  C.  Pavlinoff  J  has  reported  that  antipyrine  produces  a  very  con- 
siderable quickening  of  the  respiration,  while  Dr.  Walter,  of  St. 
Petersburg,§  is  reported  as  having  found  that  the  alkaloid  while 
reducing  febrile  temperature,  also  reduces  nitrogenous  tissue  changes  ; 
and  further,  that  the  assimilation  of  proteidsis  materially  favored  by 
the  drug.  F.  Mtlller  ||  has  also  found  that  in  fever  antipyrine  dimin- 
ishes the  excretion  of  nitrogen.  Coppola,^  however,  states  that  in  the 
case  of  a  dog,  0'3-0'4  gram  of  antipyrine  was  wholly  without  action 
on  its  excretion  of  nitrogen.     Coppola  has  further  found   that  the 


*  Abstract  in  Therapeutic  Gazette,  3d  j^eries,  vol.  i,  p.  677. 
t  Abstract  in  Therapeutic  Gazette,  3d  series,  vol.  ii,  p.  3 1 5. 
\  Abstract  in  Therapeutic  Gazette,  3d  series,  vol.  ii,  p.  339. 
§  Abstract  in  Therapeutic  Gazette.  3d  series,  vol  ii,  p.  53. 
I  Jahresbericht  fiir  Thierchemie,  xiv,  242. 
^  Jahresbericht  fur  Thierchemie,  xv,  97. 
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First  series  of  Experiments  with  Antiptrine. 
Normal  period^  without  antipyrine. 


Bate. 

Oxalic  acid  to 
neutralize  ba- 
ryta solution. 

1 

equiva- 

►0  c.  c. 

c.  c. 

8 

6 

6 

OS 

h  i 

Total  oxalic 
used.     c. 

Oxalic  acid 
lent  to  2C 

Difference, 
alic  acid. 

CO,  in  R,  b 
mg. 

t-^   '  ^ 

Muy  24. 

1^ 

tubes  b 
and  c. 
c.  c. 

8'  •!• 

4.  M. 

8:r4to9:24 

8-6 

26-4 

350 

46-1 

Ill 

224-3 

5610   m 

9i53  to  10:22 

8-8 

26-5 

35-3 

461 

10-8 

218-3 

545-8    884 

10:47  to  11:17 

9-5 

26-4 

35-9 

461 

10-2 

2051 

513-0     88-4 

p.  If. 
1:55  to  2:25 

91 

26-3 

35-4 

461 

10-7 

216-8 

540-8     88-8 

2:47  to  8:17 

9-6 

26-4 

35-9 

461 

10-2 

206-1 

513-0     38'« 

8:40  to  4:10 

91 

26-5 

85-6 

461 

10-5 

212-2 

530-6     884 

4'J5  to  5:05 

8-8 

26-3 

351 

461 

110 

222-8 

555-9     »* 

Avorage, 

9-0 

26-4 

35-4 

46-1 

10-7 

214-8 

5357     3H  4 

May  25. 

A.  M. 

8:56  to9-J36 

QM  to  10:23 

mm  to  11:19 

11:47  to  12:17 

p.  M. 

aaa  to  2:45 

8:15  to  3:45 

4:15  to  4:45 

nm  to  5:39 

Average, 
Mny  26. 


9-6 

26-4 

36-0 

46-1 

10-1 

204-1 

510-4    m 

9-6 

26-4 

360 

46-1 

10-1 

204-1 

510-4     381 

7-5 

26-6 

381 

46-1 

13-0 

262-7 

657-0     88*0 

8-4 

25-9 

84-3 

46-1 

11-8 

288-5 

596-3     88-1 

7-9 

26-0 

83-9 

46-1 

12-2 

246-6 

616-6     38-1 

8-7 

25-8 

34-5 

461 

11-6 

234-5 

586-3     88-8 

8-4 

260 

34-4 

461 

11-7 

236-5 

591-3     38^^ 

7-4 

26-6 

33-0 

461 

18-1 

264-8 

6620     »8l 

8-5 

25-9 

34-4 

461 

11-7 

286-5 

591-3     881 

A.  M. 

M2  to  9:32 

11-3 

1  26-8 

381 

46-1 

8-0 

161-7 

1 

4043  '  ^-s 

9:59  to  10:29 

9-4 

260 

85-4 

46-1 

10-7 

216-3 

5408  .  85-8 

1 
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alkaloid  not  only  has  a  noticeable  antipyretic  action  in  conditions  of 
fever,  but  also  reduces  the  temperature  in  healthy  organisms.  The 
extent  of  reduction,  however,  is  not  great,  ranging  only  from  O'l  to 
0*6  of  a  degree.  Further,  the  diminution  in  temperature  is  to  be 
ascribed,  according  to  Coppola,  not  to  diminished  metabolic  activity, 
bat  to  increased  giving  up  of  heat,  due  to  dilatation  of  the  blood- 
vessels by  the  antipyrine.  Jacubowitsch  •  also  claims  for  antipyrine 
an  inhibitory  action  on  the  excretion  of  uric  acid.  So  far  as  our 
knowledge  extends,  however,  no  experiments  have  been  tried  as  to 
the  Influence  of  this  therapeutic  agent  on  the  production  of  carbonic 
acid. 

Our  experiments  have  been  confined  wholly  to  rabbits,  and  those 
in  a  condition  of  hunger.  In  the  first  series  of  experiments,  during 
the  antipyrine  period,  the  alkaloid  was  given  in  large  and  oft-repeated 
doses,  in  the  form  of  powder,  in  gelatin  capsules,  at  follows : 


fa^ 

r35, 

oloo  A.  M., 

0-2  gram  antipyrine. 

26, 

9:86     ** 

0-2 

25, 

10:80     " 

0-2 

25, 

11:27     ** 

0-2 

25, 

12:27  P.M., 

0-6 

25, 

2:55     " 

0-6 

25, 

8:54     •' 

0-6 

25, 

4:61     "     * 

0-6 

25, 

5:46     " 

0-6 

26, 

8:45  a.  M, 

0-6 

26, 

9:88     " 

10 

5-4 

The  accompanying  tables  show  the  results  obtained.  At  the  end 
)f  the  last  period  of  the  second  day  (May  26)  respiration  was  very 
"apid,  about  208  per  minute,  and  during  that  period  the  amount  of 
Jarbonic  acid  excreted  was  larger  than  in  any  other.  In  spite  of  the 
arge  dose  taken,  however,  the  alkaloid  appeara  to  have  had  no 
ipecial  action  on  the  production  of  carbonic  acid,  and  further,  the 
«mperature  was  only  very  slightly  lowered  until  on  the  last  day, 
UBt  prior  to  the  animal's  death.  On  the  last  day  of  the  experiment 
May  26)  the  rabbit  appeared  much  prostrated,  and  at  10.35  a.m. 
eas  seized  with  a  convulsion,  followed  soon  after  by  three  others, 
lying  at  1 1.30  a.  m. 

In  the  second  series  of  experiments  somewhat  smaller  amounts  of 
intipyrine  were  given,  but  here,  as  in  the  first  series,  there  was  no 

♦  Jahresbericht  Mr  Thierchemie,  xv,  p.  444. 
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Second  series  op  Experiments  with  Antipyrine. 
Normal  period,  without  antipyrine. 


Data. 
Ma7  31, 


A.  II, 

^■m  tofl:33 

9:57  to  10:27 

10:59  to  n-M 

11^51  to  13:21 

p.  M. 

1:44  1-0  2:14 
3:30  to  4:00 
i'M  to  4:51 
Ayerage^ 
June  1. 

A.  31. 

8:53  to9i23 

&:60  to  lO:2fJ 

10:43  10  11:13 

11t40  to  1S:10 

P,  M. 

2:15  to  2:45 
3:13  to  3:42 
4:11  to  4:41 
5:05  U>5:a5 
Average* 


Oxalic  acid  to' 
neutralize   ba-    3 
ryta  soliiiioo.      « 

:2  c     'c  w  ^ 

I         I.  .      ?  .  lis* 


>  o  o 


,• 


1-^  J 


8-5 
81 
91 
9-3 

9-8 
9-8 
9-7 


91 

9-9 

•9-4 

101 

9-7 

9-6 
9-9 
9-7 

8-7 


EH         ,0 


II 


c 

OB 


5 


25-8 


44.8 


88-8 
25-1      83-2      44-8 

25-5   i  84-6      44-3 

I 
25-5   I  34-8   .  44-8 


10-5 
IM 


211-2    ;    5281     38^ 


224*8 


25-7 
25-6 
25-7 


25-5 


35-5 
84-8 
35-4 


44-3 
44-3 
44-8 


9-7     I    I960 


9-5 

8-8 
9-5 
8-9 


1910 


56x0  38-9 
4902  38^ 
4776    881 


176-8  442-2  S8': 
192-0  480-1  88-11 
179-9       449-8     88-8 


84-6   I  44-8   I      9-7     .    195-9    ,    489-9    38*8 


With  antipyrine. 


25-5      35-4 


9-6 


25-5 

84-9 

25-7 

85-8 

257 

85-4 

25-6 

35-2 

25-8 

85-7 

25-6 

86-8 

25-3 

34  0 

25-6 

86-2 

44-3 
44-8 
44-8 
44-8 

44-8 
44-8 
44-3 
44-3 


8-9  179-9 

9-4  j    190-0 

8-5  170-8 

8-9  179-9 

9-1  188-9 

8-6  .    178-8 

90  j    181-9 

10-3  208-2 

9.08  ,    188-5    I   4589    3B*: 


4498 

387 

475'! 

38-9 

427-0 

38i 

449*8 

»-7 

4599 

m 

434-6 

m 

454-8 

88-S 

5205 

^i 
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Date. 

1 

Oxalic 
neutra 
ryta  s( 

acid  to 
lize  ba- 
>lution. 

|Sd 

Total  oxalic  acid 
used.    c.  c. 

Oxalic  acid  equiva- 
lent to  250  a  c. 
Ba(OH)a.    c.  a 

Difference,    c.  c.  ox- 
alic acid. 

d 

s 

of 

8^ 

CO,  in  37-6  L.  aspi- 
rated air.    mg. 

■«.» 

June  2. 

5^ 

s 

8:56*to9i26 

100 

25-5 

35-5 

44*3 

8-8 

177-8 

4447 

38-7 

9:58  to  10:23 

9-8 

25-6 

36-4 

44-3 

8-9 

179-9 

449*8 

38-6 

10:47  to  11:17 

8-8 

26-8 

341 

44-3 

10-2 

2061 

515-5 

37-8 

11:43  to  12:13 

8-6 

251 

33-7 

44-3 

10-6 

214-2 

5357 

871 

2K)2'to2-.32 

8-6 

261 

33-7 

44-3 

10-6 

213-2 

5332 

87-1 

2:55  to  3:25 

8-7 

251 

33-8 

44-8 

10-5 

212-2 

530-6 

37-3 

8:54  to4J24 

8-8 

25-8 

841 

44-3 

10-2 

2061 

5x5-5 

37-6 

4:47  to  5:17 

8-5 

251 

83-6 

44-3 

10-7 

216-3 

540-8 

37-5 

Average, 

8-9 

25-8 

34-2 

44-3 

1006 

208-2 

5o8'2 

37-7 

Following  are  the  averas^e  daily  excretions  of  carbonic  acid,  ex- 
pressed in  milligrams  per  37*5  litres  of  aspirated  air,  together  with 
average  daily  body  temperature: 


May  31 

38-8"  C. 

489-9  milligrams  CO 

June  1 

38-7 

468-9 

"    2 

37-7 

508-2 

Antipyrine  was  given  in  the  following  quantities  by  mouth,  in 
gelatin  capsules: 


May  31 

4.57  p.  m. 

0-2  gram  antipyrine. 

Jime  1 

8:40  a.  m. 

0-2 

ii     1 

9:31     ** 

0-2 

ti     1 

10:25    " 

0-2 

4t           1 

11:20    ** 

0-2 

«4           1 

12:17  p.  m. 

0-2 

<(           I 

2:52     ** 

0-2 

tt           1 

3:49    ♦* 

0-2 

**           1 

4:48    " 

0-2 

41             -t 

5:40    ** 

0-2 

•*     2 

8:45  a.  m. 

0-5 

"     2 

9:34    ** 

0-5 

"     2 

10:31     ** 

0-5 

"     2 

11:24    ** 

0-5 

"     2 

4:45  p.  m. 

0-2 

4-2 

i.  Conn.  Acad., 

Vol.  VU.              56 

March,  1887 
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^liscernible  action  on  the  excretion  of  carbonic  acid.  Further,  the 
alkaloid  did  not  noticeably  lower  the  body  temperature  until  toward 
the  ch^se  of  the  second  day,  when  the  quantity  given  had  reached  an 
amoiuit  nearly  sufficient  to  produce  a  fatal  result.  We  have  then  t" 
conclude  that  antipyrine,  at  least  in  therapeutic  doses,  has  no  sj^ecial 
influence  on  the  production  or  elimination  of  carbonic  acid  hy  the 
niirliit. 


XXIV. — Nkw   England  Spidkbs  of  the  Family  Oiniflonidjc. 
By  J.  H.  Emerton. 

The  spinniDg  organs  of  the  Ciniflonidse  differ  from  those  of  all 
other  spiders.  They  have  in  front  of  the  usual  spinnerets  an  ad- 
ditional spinning  organ,  the  cribellum^  with  spinning  tubes  like  the 
other  spinnerets,  but  much  6ner,  and  they  have  on  the  metatarsus  of 
each  hind  leg  a  row  of  stiff  hairs,  the  calamistrutn^  by  which  the 
thread  is  combed  from  the  cribellura  in  a  loose  curly  band.  This 
band  of  loose  thread  forms  part  of  every  cobweb  made  by  these 
spiders  (PL  x,  fig.  1^.)  and  is  easily  distinguished  in  new  webs  by  its 
width  and  white  color  and  in  old  webs  by  the  amount  of  dust  which 
it  collects. 

The  feet  have  three  claws  and  some  species  have  a  few  curved 
and  toothed  spines  under  the  claws,  like  EpeiridcB  and  Therididce, 
The  tracheaB  are  large  and  open  in  a  wide  slit  in  front  of  the 
cribellum. 

The  colors  are  generally  dull  brown  and  grey.  A  double  row  of 
oblique  light  markings  on  the  back  of  the  abdomen,  which  shows 
most  distinctly  in  Amaurobius,  is  in  a  modified  from  the  usual  mark- 
ing of  the  abdomen  throughout  the  family,  often  varying  greatly  in 
shape  ID  the  same  species. 

These  spiders  were  first  placed  together  in  one  family  by  Black 
wall,  who  in  1 839  noticed  their  peculiar  webs  and  spinning  organs. 
Before  that  time  they  had  been  scattered  among  various  families 
according  lo  their  size,  form,  and  habits.  They  have  been  treated  in 
the  same  way  by  Thorell  in  his  book  on  the  genera  of  European 
spiders,  and  by  Menge  in  the  spiders  of  Prussia.  Simon  divides  the 
French  species  into  two  families,  Dictynidm  and  Ulohoridm,  Bert- 
kau  in  his  latest  revision  of  the  family,  in  1882,  carries  the  division 
into  families  still  further  and  unites  them  all  into  a  sub-order, 
CribdlcUa, 

I  have  followed  Blackwall  in  considering  the  group  as  one  family, 
and  use  his  name  Ciniflonidce.     The  sub-family  Uloborifice  of  Thorell 


J.  Blackwall.     On  the  Dumber  and  structure  of  the  mammulne  employed  by  apiders 
in  the  process  of  spinuing.    Trans.  Linn.  Soc.  London,  vol.  xviii,  1839. 
P.  Bertkau.     Cribellum  and  Oalamistrum.     Archiv  fur  Naturgeschichte,  1882. 

July,  1888. 
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I  use  in  the  same  sense,  transferring  it  from  the  Epeiridct  to  this 
family. 

Several  of  the  spidera  described  by  Hentz  under  the  name  of 
Theridion  are  probably  Dictyna,  Of  these,  7!  sublatum^  moroiogtm^ 
s^nd  foliaceum  belong  to  this  genus  without  much  doubt,  though  I 
cannot  identify  them  with  any  species  here  described. 

Blackwall  mentions  among  spiders  from  Canada,  ErgcUis  (Dirtym) 
diligens,  var,  aufiulipes^  Ann.  and  Mag.  of  Nat.  Hist.,  1871. 

B.  G.  Wilder  describes  the  webs  and  habits  of  Hyptiotes  cavatvs 
under  the  name  H,  Americanus,  in  Popular  Science  Monthly,  1875. 

E.  Keyserling  has  described  in  Transactions  of  the  Zool.  Botaa 
Gesellschaft  of  Vienna,  1881  to  1884,  the  following  species  :  IHctym 
sedejitaria.  Baltimore,  Coll.  of  L.  Koch.  D.  volupis.  Museum,  Cam- 
bridge, Mass.  2>.  volucripes^  Museum,  Cambridge,  Mass.  D.  foli- 
ata^  Colorado,  Vienna  Museum.  I),  viUata,  Washington,  D.  C,  W«^ 
saw  Museum.  D.  arundinaceoideSy  Caflou  City,  Colorado,  Coll.  of 
G.  Marx. 

Dictyna    Sundevall. 

The  genus  Dictyna  is  composed  of  small  spiders  that  live  in  loose 
webs  ot  various  shapes  on  fences  and  on  plants,  especially  on  tbt 
ends  of  stalks  and  among  the  flowers  of  Solidago^  Spircea,  and 
other  slender  plants  with  clusters  of  small  flowers. 

The  head  is  generally  high,  but  not  so  wide  as  in  Amaurobiu*' 
The  scernum  is  very  wide  and  convex  and  the  labium  large,  often 
nearly  as  long  as  the  mandibles.  The  tracheae  are  large  and  the 
opening  generally  distinct.  The  difference  between  the  sexes  in 
most  species  is  very  great.  The  male  palpi  are  very  large  and  the 
palpal  organs  conspicuous.  The  tibial  joint  of  the  male  palpi  has  on 
the  outer  side  a  process  with  two  short  spines.  The  mandibles  of 
the  males  are  bowed  outward  (Plate  ix,  fig.  2d)  and  are  much  longer 
than  those  of  the  female.  They  are  bent  forward  at  the  tips,  and  at 
the  base  of  each  mandible  is  a  short  tooth  projecting  forward, 
Plate  IX,  fig.  2b. 

The  colors  are  usually  dull  yellow  and  brown  covered  with  white 
or  gray  hairs.  The  cephalothorax  is  usually  lighter  in  front  and 
dark  at  the  side,  and  the  abdomen  has  a  double  row  of  light  mark. 
ings  in  the  middle  on  a  dark  ground,  but  these  markings  are  ex- 
tremely variable  even  in  the  same  species.     PI.  ix. 

The  webs  of  Dictyna  usually  radiate  irregularly  from  a  bole  ot 
hiding  place  where  the  spider  hangs.     Some  species,  living  on  W1dl^, 
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make  a  round  patch  of  web  with  the  hole  near  the  center,  but  usually 
the  shape  of  the  web  depends  on  that  of  the  plant  on  which  it  is 
made.  The  principal  threads  of  the  web,  if  they  are  parallel  or 
radiating  slightly,  are  often  crossed  by  a  number  of  parallel  short 
threads,  like  a  segment  of  a  web  of  Epelra  (Pi.  xi,  fig,  3)  and  the 
curled  band  is  carried  back  and  forth  on  these  as  in  the  figure  of 
the  web  of  Amaurohms,     PI.  x,  Vg, 

Dictyna  muraria,  new  sp. 

Pl.  IX,   PIGUBBS   \  TO   \g. 

Length  about  3"*'".  The  cephalothorax  is  dark  brown,  a  little 
lighter  on  the  top  of  the  head  with  a  few  gray  hairs  in  longitudinal 
rows.  Tlie  abdomen  resembles  that  of  2>.  volucripes  Keys,  but  the 
middle  dark  markings  are  wider  in  front  and  more  broken  behind.^ 
In  the  middle  of  the  front  half  is  a  wide  dark  patch,  extending  about 
to  the  middle  of  the  abdomen.  Behind  this  are  two  rows  of  dark 
spots  connected  by  transverse  lines,  more  or  less  complete,  forming 
an  Epeirarlike  marking.     PI.  ix,  figs.  1  to  le. 

The  markings  of  this  species  and  of  volucripes  vary  greatly,  so 
that  they  often  cannot  be  distinguished  by  them.  The  metatai*sus 
of  the  hind  legs  is  nearly  straight,  not  so  much  curved  as  in  volu- 
cripes, 

Tlie  males  are  darker,  but  usually  have  the  same  markings.  Their 
abdomen  is  smaller  than  that  of  the  females,  but  the  cephalothorax 
h  fully  as  large.  The  male  palpi  resemble  those  of  volucripes  Keys. 
The  tibia  is  similar  in  shape,  but  is  proportionally  longer,  and  the 
two-spined  process  shorter  than  in  volucripes,     PI.  ix,  \/,  1  g. 

This  spider  is  found  all  over  New  England.  It  is  the  most  com- 
mon species  on  fences,  but  is  found  also  on  plants,  and,  in  winter, 
nnder  leaves.  It  sometimes  tries  to  fly,  oftener  in  the  spring  than  in 
the  fall,  which  is  the  usual  flying  time  of  most  spiders.  I  have  speci- 
mens from  Mt.  Washington,  N.  II.;  Portland,  Me.;  Salem,  Mass.; 
Albany,  N.  Y.;  New  Haven,  Conn.;  Wood's  Holl,  Mass.;  and  several 
places  around  Boston. 

A  female  in  the  Museum  of  ZoOlogy,  Cambridge,  Mass.,  named  by 
Keyserling,  D.  arundiudceoides  Keys.,  is  perhaps  this  species.  It 
has  the  abdomen  very  much  distended,  so  that  the  epigynuilr  shows 
much  plainer  than  usual.  The  spider  first  described  by  Keyserling 
as  2>.  arundinaceoides  came  from  Colorado,  and  I  have  not  seen  it 
and  do  not  feel  sure  enough  of  its  identity  to  adopt  the  name  for  this 
species. 
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DiCtyna  VOluoripes    Keyserling,  Zool.  Boten.  Gesellschaft,  Vienna,  1882. 

Pl^    IX,    PIGUBBS  2   TO   2/  AND   PL.   XI,    FIGURE   3. 

Female,  S'5"^^  long  or  longer.  The  male  is  nearly  as  large,  bat 
the  cephalothorax  is  larger  and  the  abdomen  smaller. 

The  cephalothorax  is  dark  reddish  brown,  and  partly  covered  with 
white  or  gray  hairs,  most  of  them  arranged  in  several  lines  from  the 
dorsal  groove  to  the  eyes. 

The  abdomen  has  an  irregular  dark  figare  in  the  middle,  narrow  in 
front  and  widening  backward.  On  each  side  of  this  is  a  light  gray 
area,  which  becomes  yellow  in  alcohol,  and  below  these  the  sides 
and  under  surface  of  the  abdomen  are  dark  brown  with  some  ligbfc 
markings.  The  abdomen  is  covered  with  gray  hairs  which  modify 
the  color.  The  legs  are  brown,  usually  lighter  than  the  thorax,  sod 
covered  with  gray  hairs. 

The  male  is  a  little  darker  than  the  female.  The  male  palpi  are 
short,  and  large  at  .the  end.  The  patella  is  as  wide  as  long.  The 
tibia  is  a  little  longer  than  the  patella  and  widened  on  the  outer  side 
at  the  distal  end,  so  as  to  be  as  wide  there  as  long.  The  two-spined 
process  is  as  long  as  the  tibia  is  wide,  and  is  on  the  upper  side  of  the 
tibia.  The  tarsus  and  palpal  organ  are  large.  PI.  ix,  figs,  'ie,  2/. 
The  two  spined  process  varies  in  form.  It  is  usually  curved  forward, 
but  in  some  specimens  is  nearly  straight. 

This  species  lives  most  commonly  in  thick  and  irregular  webs  on 
the  ends  of  plants.  The  dried  tops  of  Spircea  and  Solidago  are 
favorite  places  for  it.  It  also  lives  occasionally  on  fences.  All  over 
New  England. 

Dictyna  longispina,  now  sp. 

Pl.   IX,    FIGURB   4. 

This  species  resembles  oolucripes,  but  is  a  little  smaller.  The 
markings  of  the  abdomen  are  similar,  but  the  cephalothorax  and  legs 
are  lighter  and  redder. 

The  plainest  difference  of  this  species  from  the  others  is  in  the 
shape  of  the  libia  of  the  male  palpus.  This  is  very  long,  a»  long 
as  the  femur,  and  stouter.  The  two-spined  process  is  as  loog  06 
the  tibia,  and  extends  backward  nearly  parallel  to  it.  PI.  ix,  fig-  ^• 
The  palpal  organ  extends  farther  backward  than  usual.  The  end  of 
the  tube  and  the  accompanying  process  extending  in  a  spiral  nearly 
to  the  base  of  the  tibia. 

A  young  female,  similarly  marked  and  colored,  accompaoieg  the 
male  and  is  probably  the  same  species. 

Meriden,  Conn.,  one  male  and  one  female. 
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Dictyna  bostoniensis,  Dew  sp. 

Pl.    IX,    PIQURE8  3   TO  3d. 

This  18  a  rather  large  species,  measuring  4"""  or  more  in  length, 
but  the  cephalothorax  is  small  and  the  abdomen  much  larger  than 
in  most  species.  The  legs  are  whitish.  The  cephalothorax  of  the 
female  is  the  same  color  in  the  middle,  but  darker  and  streaked 
with  radiating  brown  lines  on  the  sides.  The  abdomen  is  white 
with  gray  or  black  markings.  PI.  ix,  figs.  3ft,  3c,  ^d.  In  the  mid- 
dle of  the  front  half  of  the  abdomen  is  an  irregular  dark  stripe 
extending  over  the  first  and  second  segments.  Behind  this  are  two 
rows  of  irregular  spots,  about  one-third  the  width  of  the  abdomen 
apart.  The  sides  are  marked  by  a  few  dark  spots  in  broken  ob- 
lique lines.  The  sternum  and  under  side  of  the  abdomen  are  white, 
with  a  few  irregular  dark  spots.  The  spider  resembles  a  piece  of 
bird  dung. 

The  cephalothorax  of  the  male  is  larger  and  darker  colored. 
The  male  palpi  are  short  and  slender.  The  tibia  is  short  and  as 
wide  at  the  distal  end  as  it  is  long.  The  two-spined  process  is  short 
and  on  the  outer  side.  The  tarsus  and  palpal  organ  are  small. 
PI.  IX,  fig.  3a. 

In  1873,  this  spider  lived  in  great  numbers  on  the  iron  fence 
around  the  public  garden  in  Boston,  making  webs  in  corners,  with 
an  open  tube  in  which  the  spider  stood.  Single  specimens  were 
found  in  Beverly  and  Brookline.  In  1886,  it  was  rare  on  the  pub- 
lic garden,  but  common  on  the  fences  of  the  Back  Bay  park  on 
Beacon  street.     I  have  not  found  it  in  other  parts  of  New  England. 

Dictyna  minuta,  new  ap. 

Pl.  IX,  FIQUBES  6,  5a. 

About  2™°*  long.  The  markings  are  like  those  of  D.  murariay 
but  the  colors  are  lighter  and  redder  than  in  that  species,  and  the 
only  two  specimens  are  much  smaller. 

The  legs  are  very  light  brownish  yellow,  darker  toward  the 
base.  The  sternum  and  labium  are  reddish  brown,  and  both  are 
large  and  wide  in  proportion  to  the  size  of  the  spider. 

The  tibia  of  the  male  palpus  is  about  twice  as  long  as  the  pa- 
tella, and  nearly  straight.  The  two-spined  process  is  short  and 
turned  slightly  forward.  The  spines  are  large  and  black.  The 
point  of  the  palpal  organ  is  long  and  slender  and  twisted  loosely. 
In  both  specimens  it  reaches  backward  half  the  length  of  the  tibia. 
Pl.  IX,  figs.  5,  6a. 

Two  specimens  only,  from  Hamden,  Conn.,  and  Providence,  R.  I. 
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Dictyna  rubra,  new  sp. 

Pl.   IX,   PIOURB   7. 

Female  2*5™"*  long.  The  color  is  more  red  than  in  the  other 
species.  The  cephalothorax  and  legs  are  light  orange-brown.  TIip 
abdomen  is  darker  reddish  brown,  with  several  yellow  cross  lines  on 
the  hinder  half,  and  in  some  individuals  a  yellow  patch  on  the  front 
half.     The  sternum,  maxillfe,  and  mandibles  are  light,  like  the  leps 

The  male  palpi  are  moderately  large.  The  tibia  is  a  little  longer 
than  wide,  and  as  thick  at  the  base  as  at  the  tip.  The  two-spined 
process  is  on  the  upper  side  of  the  tibia,  close  to  the  base.  It  is  as 
long  as  the  tibia  is  thick.     The  tarsus  is  small.     PI.  ix,  fig.  7. 

The  abdomen  is  more  pointed  behind  than  in  most  species. 

It  lives  on  plants,  but  I  do  not  know  its  web.  Common  in  eastern 
Massachusetts  and  around  New  Haven,  Conn. 

Dictyna  cniciata,  new  sp. 

Pl.  IX,  PiauRES  6,  6o. 

This  is  the  lightest  colored  species.  The  cephalothorax  of  llie 
female  is  yellowish  white  in  the  middle  and  light  brown  at  the  sides. 
In  the  male  the  whole  cephalothorax  is  dull  yellow. 

The  abdomen  is  white  in  the  middle,  the  color  spreading  down  the 
middle  of  each  side,  forming  in  many  individuals  a  cross-shapetl 
marking  (Pl.  ix,  fig.  6).  The  sides  are  light  brown.  The  legs  are 
yellowish  white. 

The  male  palpi  are  large  and  the  palpal  organs  wide.  The  tibia  is 
short,  not  much  longer  than  wide,  and  the  two  spines  are  short  and 
on  a  low  process  of  the  tibia.    PI.  ix,  fig.  6a. 

Eastern  Mass. ;  New  Haven,  Conn. 

Dictyna  VOlupiS  Eeyserling,  Zool.  Botan.  Gesell.,  Vienna,  1882. 
Pl.  ix;  figures  8  to  8c. 

This  is  one  of  our  most  common  spiders  throughout  the  summer. 
It  lives  under  leaves  and  between  the  twigs  of  trees  and  shmhs  ol 
all  kinds,  making  small  and  thin  webs. 

The  female  is  about  3™™  long.  The  legs  and  front  part  of  the 
cephalothorax  are  yellowish  white.  The  sides  of  the  cephalothorax 
are  brown.  The  abdomen  has  usually  an  irregular  light  yellow 
marking  in  the  middle  and  is  light  brown  or  reddish  at  the  sides. 
Pl.  IX,  fig.  8.  Some  individuals  are  without  the  yellowish  marking 
on  the  back  and  have  the  abdomen  brownish  all  over,  covered  with 
whitish  hairs.  The  reddish  markings  all  become  redder  in  alcohol. 
The  sternum  and  under  side  of  the  abdomen  are  light  yellow. 
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The  colors  of  the  male  are  very  different.  The  whole  cephalo- 
tliorax  is  orange-brown,  not  much  darker  at  the  sides.  The  abdomen 
is  reddish  brown,  darker  than  in  the  female,  with  only  a  little  yellow 
in  the  middle,  and  sometimes  none.  The  legs  are  darker  yellow 
than  in  the  female. 

The  males  and  females  are  about  the  same  size,  but  differ  in  form 
as  much  as  they  do  in  color.  The  front  of  the  head  is  low  in  both 
sexes,  and  rises  backward  to  its  highest  point  midway  between 
the  eyes  and  the  dorsal  groove.  In  the  males  the  mandibles  are  so 
long  that  the  distance  from  the  top  of  the  head  to  the  end  of  the 
mandibles  is  as  great  as  the  length  of  the  cephalothorax.  The  male 
mandibles  are  concave  in  front  and  bowed  widely  apart  in  the  mid- 
dle.    Even  the  females  have  the  mandibles  a  little  concave  in  front. 

The  male  palpi  are  long  and  large.  The  tibia  is  twice  as  long  as 
wide;  thickened  at  the  end,  and  curved  downward.  The  two-spined 
process  is  short  and  a  little  in  front  of  the  base  of  the  tibia.  PI. 
IX,  fig.  8c. 

The  palpal  organ  is  unusually  large,  and  the  long  tube  can  be  seen 
passing  around  it  under  the  edges  of  a  large  thin  appendage.  PI.  ix, 
tig.  8a,  86. 

Tlie  webs  are  spread  under  leaves  or  between  twigs. 

I  have  twice  seen  the  pairing  of  this  species.  In  one  case  the 
female  stood  across  a  forked  twig  and  the  male  reached  up  from 
below,  his  head  being  under  hers  and  his  mandibles  parallel  to  her 
sternum.  In  the  other  the  male  and  female  stood  head  to  head 
in  the  web,  the  cephalothorax  of  the  female  being  tipped  up  in  front, 
and  resting  upon  the  head  and  mandibles  of  the  male. 

Common  all  over  New  England.  In  winter  they  are  often  found 
under  leaves,  half  grown,  and  soon  get  to  their  growth  when  warm 
weather  begins.  Several  small,  flat  egg-cocoons  are  fastened  under 
a  leaf  and  there  may  be  several  broods  in  each  season. 

Dict3ma  firondea,  new  sp. 

Pl.  IX,  FIOURBS  9,  9a. 

This  species  is  a  little  smaller  than  volupis  and  is  similarly  col- 
ored iu  the  female,  except  that  it  is  usually  a  little  darker  and  less 
red.  The  cephalothorax  is  light  brown,  a  little  lighter  in  the  middle 
of  the  head,  but  not  so  much  so  as  volupis.  The  abdomen  is 
brown  at  the  sides  and  yellow  in  the  middle.  The  yellow  stripe  is 
narrower  and  straighter  than  in  volupis,  and  often  forms  a  regular 
herringbone  figure.     PI.  ix,  fig.  9.     The  under  side  of  the  abdomen 
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is  uearly  as  dark  as  the  upper  side,  and  the  stcruura  has  the  samt* 
color  while  volupia  is  usually  light  colored  beneath. 

The  males  differ  less  from  the  females  than  in  volupis.  They  are 
colored  a  little  darker  than  the  females.  The  light  stripe  ou  the  ab- 
domen is  narrower  and  in  some  individuals  wanting.  The  male  jjalpi 
are  long  and  slender.  The  tibia  is  more  than  twice  as  long  as  wide 
The  two  spined  process  is  very  small  and  close  to  the  base  of  the 
tibia.  The  tarsus  is  smaller  than  in  volupiSj  and  the  palpal  organ 
very  much  smaller  and  more  simple.     PI.  ix,  fig.  9a. 

On  grass  and  low  bushes  all  over  ^ew  England. 

This  species  (or  1>.  volupia)  is  probably  Hertz's  Theridioti 
foliaceum, 

Amaurobius  c.  Koch. 

The  ge^us  Amaurohhis  contains  our  largest  spidci-s  of  this  famiiy. 
In  general  appearance  they  resemble  the  stouter  species  of  the  geuus 
7^egenaria,  but  do  not  have  the  long  upper  spinnerets  of  that  genus. 
The  head  is  large  and  high,  and  wide  in  front.  The  eyes  are  iu  two 
rows,  only  slightly  curved,  and  are  all  small  and  of  uearly  the  sauit- 
size. 

The  maxillae  are  long,  and  at  the  tip  curve  inward  a  little  over  the 
labium.  The  labium  is  longer  than  wide  and  a  little  narrowed  at  \hv 
tip.     The  mandibles  are  very  large  and  strong. 

The  whole  body  is  thickly  covered  with  tine,  short  hair,  giving  ii 
a  soft  velvet-like  appearance.  The  spines  on  the  legs  are  small  auJ 
concealed  by  the  hair. 

The  calamistrum  consists  of  two  rows  of  hairs,  those  of  tbe  outer 
row  being  much  curved  and  close  together,  and  those  of  the  inner 
row  three  or  four  times  as  far  apart.  PI.  x,  fig.  I/,  The  cribellum 
is  long  and  narrow  and  divided  in  the  middle.     PI.  x,  fig.  le. 

The  colors  of  all  our  species  are  much  alike.  The  cephalothorax 
and  legs  are  dark  brown,  except  in  ireshly  moulted  or  young  s[>eci- 
mens,  and  the  abdomen  is  dark  gi*ay  with  a  double  row  of  oblique 
light  markings. 

The  webs  arc  large  and  loose,  often  filling  a  cavity  iu  a  rotten  log 
or  under  stones.  There  appears  to  be  little  regularity  in  the  sha^K.- 
of  the  web  or  arrangement  of  the  threads.  The  whole  web  is  made 
of  smooth  silk  and  the  band  of  curled  threads  is  afterwards  attachiHl 
to  parts  of  it  as  in  PI.  x,  fig.  Ig. 

The  sexes  are  about  equal  in  size.  The  male  palpi  are  lai*ge. 
Their  tibial  joints  are  short  and  wide  and  furnished  with  large  pn>- 
cesses  of  various  shapes. 
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AmatiTobius  sylvestris,  oew  sp. 

Pl.  X,  nOURES  I  TO  1^. 

This  is  the  common  Amaurohvts  all  over  New  England.  The 
female  is  10*""  long  with  the  cephalothorax  S"'"^  long.  The  head  is 
nearly  as  wide  as  the  thorax.  It  is  low  in  front  and  rises  to  its  high- 
est point  half  way  to  the  dorsal  groove.  The  cephalothorax  is  dark 
brown,  darkest  on  the  front  of  the  head.  The  legs  are  dark  brown, 
n!»nally  lighter  than  the  thorax.  In  the  young  the  colors  are  all 
mneh  j>aler. 

The  abdomen  is  oval,  widest  behind.  It  is  dark  greenish  gray 
with  a  double  row  of  oblique  yellow  or  white  markings  on  the  hinder 
half,  and  two  curved  markings  of  the  same  color  on  the  front.  These 
markings  rnn  together,  forming  a  figure  which  varies  greatly  in  fornri 
and  size  in  different  individuals.     PI.  x,  fig.  1. 

The  males  differ  but  little  from  the  females.  The  male  palpi  are 
large.  The  tibia  is  short  and  wide  and  has  three  long  processes,  the 
inner  of  which  is  slender  and  pointed  and  nearly  twice  as  long  as  the 
tibia  (PI.  X,  figs,  la,  lA.)  but  not  so  much  curved  as  in  figures  of 
the  European  A.  claustrarius. 

The  epigynum  is  small,  the  middle  lobe  is  small  and  the  side  lobes 
meet  behind  so  as  to  completely  surround  it  (PI.  x,  fig.  \c)  which  is 
very  different  from  the  epigynum  of  A,  clntistrarhia  as  figured  by 
Koch. 

This  species  Mves  under  stones,  under  leaves,  and  in  the  hollows 
of  rotton  trees  and  stumps.  Fig.  \g  is  part  of  a  web,  showing  the 
arrangement  of  the  curled  threads. 

All  over  New  England.  In  the  White  Mountains  up  to  the  high- 
est trees. 

Three  specimens  of  this  species  in  the  museum  of  Comp.  Zoology, 
Cambridge,  are  named  by  Keyserling  A,  claustrarius^  which  this 
species  closely  resembles.  I  have  only  young  claustrariua  for  com- 
parison, but  judging  by  descriptions  and  figures,  especially  those  of 
L.  Koch  in  Abh.  Nat.  Gesellsch.  of  Nureraburg,  1868,  I  do  not  be- 
lieve them  the  same  species. 

AmaurobiUS  ferOX  (Walck.)  Koch.,  Cinifto/erox  Blk. 
Pl.   X,   FIGURES  3  TO  3c. 

This  is  our  largest  species.  It  is  found  only  about  houses  and  cel- 
lars, and  is  probably  imported,  as  it  is  a  common  sjnder  in  Europe. 

The  female  is  12'"'"  long.  Cephalothorax  G'"'"  long,  4"^'"  wide. 
The  head  is  3*"™  wide  and  highest  half  way  between  the  eyes  and  the 
dorsal  groove. 


452  J.  H,  Emerton — New  Migland  Spiders  of 

The  cephalothorax  is  yellowish  brown,  darkest  in  front  and  nearlj 
black  around  the  eyes.  The  legs  are  the  same  color  as  the  thorti, 
darkest  toward  the  tips.  The  abdomen  is  dark  gray  with  light  yel 
lowish  marks  on  the  back.  On  the  front  half  of  the  abdomen  are  a 
middle  and  two  lateral  stripes  and  behind  these  four  or  five  pairs  of 
oblique  markings. 

The  eyes  are  all  small  and  about  equal  in  size.  The  front  row  is 
about  half  the  width  of  the  head  and  the  eyes  equidistant.  The 
upper  row  is  longer  and  the  lateral  eyes  considerably  farther  from 
the  middle  ones  than  these  are  from  each  other.  The  mandibles  ire 
large  and  strong. 

The  calamistrum  is  a  double  row  of  spines,  half  the  length  of  the 
hind  metatarsus. 

The  male  differs  but  little  from  the  female,  except  that  the  ab- 
domen is  a  little  smaller  and  the  front  legs  longer.  The  male  palj-i 
are  very  large.  The  tibia  is  as  short  as  wide.  It  is  bent  iiiwanl, 
and  has  a  large  spine  on  the  outer  and  another  on  the  upper  s^ide, 
each  nearly  as  long  as  the  tibia.  On  the  inner  side  is  a  third  smaller 
spine.  PI.  X,  figs.  3a,  36,  3c.  The  tarsus  and  palpal  organ  are  largt 
and  round.  Fig.  3a.  The  epigynum  is  large  and  dark  colortfJ. 
The  middle  lobe  is  large  and  enclosed  by  the  others  only  at  the 
sides.     PI.  X,  fig.  3. 

Boston,- Salem,  lieverly,  Mass.;  Providence,  R.  L;  Albany,  N.  Y,; 
New  Haven,  Conn.,  in  cellars  and  houses. 

Amaurobius  tibialis,  new  sp. 

Pi*.   X,  FIGURES  3  TO  3c. 

Female  8™"^  long. 

The  cephalothorax  is  light  brownish  yello.w,  not  darker  in  front. 
The  legs  are  of  the  same  color  and  not  much  darker  at  the  tips. 

The  light  markings  on  the  abdomen  are  united  into  a  middle  band 
with  oblique  branches  at  the  sides  on  the  hinder  half. 

The  middle  lobe  of  the  epigynum  is  entirely  concealed,  the  lateral 
lobes  divided  by  a  groove  in  the  middle.     PI.  x,  ^g,  2. 

The  middle  process  on  the  tibia  of  the  male  palpus  is  short,  bat 
the  other  processes  are  much  larger  than  in  the  other  species.  The 
outer  one  is  about  as  long  as  the  tibia  is  wide,  and  has  a  large  hook 
on  the  inner  side.  The  inner  process  is  long  and  slender,  curving 
over  the  back  of  the  tarsus  and  extending  nearly  to  the  end  of  it 
PI.  X,  figs.  2«,  2b, 

This  species  is  found  on  Mt.  Washington,  N  II.,  up  to  the  h\gh^ 
trees. 
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TitanOBCa    Thorell. 

Titanceca  americana,  nev  sp. 

Pl.   X,    FIGURES  4  TO   4d. 

This  spider  resembles  7!  quadriguttata  of  Europe,  but  is  usually 
without  markings  on  the  abdomen.  The  female  is  6  or  6*""^  long,  re- 
sembling in  size  and  shape  the  common  Steatoda  borealis,  from  which, 
however,  it  is  readily  distinguished  by  its  black  color. 

The  cephalothorax  is  dull  orange-color,  blackish  around  the  edges 
and  toward  the  front.  The  rest  of  the  body  is  deep  black  and  cov- 
ered with  long  hair,  except  in  some  individuals  a  few  light  gray  spots 
in  pairs  on  the  abdomen. 

The  sternum  is  as  wide  between  the  second  legs  as  it  is  long.  The 
labium  is  as  wide  as  long,  a  little  narrowed  and  rounded  at  the  tip. 
The  maxillae  are  nearly  straight  on  the  inner  edges  not  curved  in- 
ward at  the  tips,  as  in  Amaurobius,  The  head  is  not  so  wide  as  in 
Amaurobius.  The  eyes  have  nearly  the  same  arrangement,  but  are 
proportionally  larger.     PI.  x,  fig.  1.     The  spinnerets  are  short. 

The  cribellum  is  divided  in  the  middle  as  in  Amaurobius,  and  the 
calaroistrum  is  like  that  genus. 

The  claws  of  the  feet  are  large  and  strong,  proportionally  larger 
than  those  of  Amaurobius, 

Like  most  of  the  genus,  this  lives  under  stones  in  the  driest  and 
hottest  places.  Under  the  loose  stones  under  the  trap  hills  around 
New  Haven  and  Meriden,  Conn,  it  is  common.  I  have  a  few  from 
Mt.  Monadnock,  N.  H.,  but  have  not  found  it  elsewhere  in  New 
England. 

TitancBca  brunnea,  new  sp. 

Pl.  X,   PIQURBS  6  TO  6c. 

This  species  is  about  as  large  as  7!  americana^  but  is  a  little  more 
slender  and  less  hairy.  The  cephalothorax  is  light  or  dark  brown, 
like  dead  oak  leaves  among  which  it  livel  The  joints  of  the  legs 
are  darker  toward  the  distal  ends.  The  abdomen  is  similarly  colored, 
but  becomes  redder  than  the  rest  of  the  body  in  alcohol.  Across  the 
back  are  four  or  five  lines  of  light  yellowish  spots,  and  there  are 
larger  irregular  spots  along  the  sides,  as  in  many  species  of  Dictyna, 
Pl.  X,  figs.  5,  5a.  Under  the  abdomen  between  the  spinnerets  and 
epigynnm  are  two  large  light  spots.     Fig.  5a. 

Besides  the  color,  the  only  plain  difference  between  this  and  the 
black  species  is  in  the  palpi  of  the  female,  which  in  this  species  have 
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the  last  two  joints  a  little  stouter  than  in  7!  americana.  In  both 
species  the  palpi  are  very  spiny  at  the  end,  though  the  spines  are 
concealed  by  haii*8.  I  have  found  this  species  three  times  under 
leaves  in  woods'  near  New  Haven,  Conn. 

UloborinaB    Thorell. 

These  spiders  have  been  classed  by  most  authors  among  the 
Epeiridce  on  account  of  their  resemblance  to  Tetragnathay  and  espe 
cially  on  account  of  their  round,  or  at  least  radiate,  webs.  The 
arrangement  of  the  eyes,  the  mouth  parts,  and  the  tracheal  are  all 
different  from  the  Epeiridm,  The  spinning  organs  include  the  cri- 
bellum  and  calamistrnm,  like  the  other  CinrflonidcBy  and  the  cross- 
threads  of  the  webs  are  partly  made  of  curly  threads  spun  by  tbf 
calamistrum  and  not  covered  with  a  liquid  in  drops  like  the  webs  of 
^eiridcB. 

The  adhesive  thread  of  these  spidei-s  is  not  made  separately  and 
attached  to  old  threads  as  it  is  by  Amaurobins  and  Dictyna^  bat 
both  threails  are  spun  at  the  same  time.  PI.  xi,  figs.  2»,  *2;  show 
both  sides  of  a  piece  of  the  cross-threads  of  the  web  of  ffyptioks, 

UloboniS   Latreille.     Vdeda,  Black  wall.     Phittyra,  Hente. 
UloboniS  plumipes    Lucas  =  PhiUyra  ripaira^  Heotz. 
Pl.   XI,   FIGURES   1   TO   1/ 

The  female  is  about  5"'*"  long.  Cephalothorax  l-S"^"".  Thecephab- 
thorax  is  flat  in  front,  and  extends  forward  in  the  middle  beyond  tbc 
mandibles.  Behind  it  is  wide  and  swelled  up  on  each  side,  where 
the  abdomen  bangs  over  it.     PI.  xi,  fig.  lb. 

The  abdomen  is  narrow  and  slightly  notched  in  front  and  exton*!?* 
over  the  cephalothorax  a  quarter  of  its  length.  The  abdomen  i^ 
widest  and  highest  a  third  of  its  length  from  the  front,  and  at  ihw 
point  has  a  pair  of  humps. 

The  colors  are  very  variable.  A  dark,  plainly  marke«l  female  ha^ 
the  femur  and  patella  of  the  front  legs  dark  brown  or  nearly  black 
and  the  tibia  dark  brown,  except  a  white  ring  at  the  base;  at  llw 
end  of  the  tibia  is  a  brush  of  coarse,  dark  brown  haii*s.  The  tarsu* 
and  metatai'sus  are  white.  In  lighter  individuals  the  color  of  \h^ 
femur  or  tibia  may  be  broken  by  a  white  ring  near  the  middle.  Tb** 
other  legs  have  femur,  tibia  and  metatarsus  dark  brown,  dividtnl 
near  the  middle  by  a  white  ring.  Patella  and  tarsus  brown,  lighter 
at  the  ends.     The  cephalothorax  is  dark  brown  with  a  narrow,  indw- 
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tinct  light  line  in  the  middle.  In  lighter  individuals  this  stripe  is 
wider. 

The  dorsal  markings  of  the  abdomen  arc  more  variable  and  less 
definiie.  On  the  front  of  tlie  abdomen  are  two  light  spots,  behind 
which  are  two  very  dark  ones,  sometimes  united  into  one.  Behind 
these  are  two  white  spots  half  as  far  apart  as  the  humps  and  a  little 
in  front  of  I  hem.  The  humps  are  generally  dark  on  the  inner  side 
and  light  on  the  outer.  Farther  backward  are  two  or  three  pairs  of 
light  spots,  surrounded  by  a  darker  brown  area,  darkest  in  the  mid- 
dle and  toward  the  spinnerets. 

The  sternum  is  brown,  and  the  under  side  of  the  abdomen  is  dark 
ill  the  middle  and  light  at  the  sides.  In  lighter  individuals  most  of 
these  markings  can  be  seen,  the  darker  ones  being  light  brown  or 
yellow,  and  the  lighter  ones  yellow  or  dirty  white.  In  some  no 
markings  can  be  defined. 

The  first  pair  of  legs  is  twice  as  long  as  the  second,  and  much 
longer  than  the  fourth  pair. 

The  terminal  joint  of  the  palpus  is  more  than  twice  as  long  as  the 
une  before  it.  The  palpal  claw  is  large,  with  two  or  three  teeth, 
n.  XI,  fig.  \b. 

The  eyes  arc  in  two  rows.  The  upper  are  largest  and  appear  still 
larger  on  account  of  being  surrounded  by  dark  rings.  PI.  xi,  figs, 
la,  \b.  They  are  on  the  top  of  the  head,  the  lateral  pair  farthest 
back.  The  front  row  of  eyes  is  close  to  the  edge  of  the  head,  just 
over  the  mandibles. 

The  mandibles  are  small  and  rounded  for\^ard  at  the  base.  The 
niaxillse  are  as  wide  as  long,  with  the  front  ends  nearly  square.  The 
labium  is  triangular.  (See  figure  of  same  parts  in  Hyptiotes^  PI.  xi, 
fig.  2A.) 

The  male  is  much  smaller  than  the  female.  The  cephalothorax  is 
more  pointed  in  front  and  lower  behind.  The  abdomen  is  not  much 
larger  than  the  cephalothorax  and  not  so  plainly  humped  as  in  the 
female.  The  legs  are  but  little  shorter  than  those  of  the  female  and 
the  markings  and  colors  are  the  same.  The  first  tibia  does  not  have 
a  bunch  of  hairs  at  the  end  like  the  female.  The  palpal  organ  is 
nearly  sjiherical,  all  the  parts  being  wound  closely  together.  PI.  xi, 
figs.  Irf,  Ic  The  femur  of  the  male  palpus  has,  at  the  base,  a  short 
process  on  the  outer  side.     PI.  xi,  fig.  \f. 

The  webs  are  round  and  nearly  horizontal,  the  cross-threads  usually 
less  regular  than  in  webs  of  JEpeira,  The  webs  are  commonly  made 
between  loose  stones,  but  sometimes  in  low  bushes.     The  cocoons  are 
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half  an  inch  long  and  quarter  as  wide,  narrowed  at  both  ends,  and 
with  numerous  short  points  by  which  they  are  attached  to  the  web 
around  them.  I  have  found  them  with  the  female  under  stones. 
The  cocoons  are  light  brown,  and  each  female  appears  to  make  sev- 
eral of  them.     The  cocoons  are  made  in  July. 

This  spider  is  found  all  over  New  England,  but  is  not  comraoo 
anywhere.  I  have  taken  them  from  several  places  around  Bogloo, 
Mass.,  in  New  Haven,  Conn.,  and  in  Simsbury,  Conn. 

I  have  specimens  of  both  sexes  from  the  southern  part  of  France, 
given  me  by  Mr.  E.  Simon.  It  is  found  in  Italy  and  Spain.  The 
common  Uloborus  of  the  north  of  Europe  (  U.  walckeniBritu)  is  a  ven 
difterent  species. 

HyptioteS    Wlk.  =  MUhras,  Koch. 

Hyptiotes  cavatus. 

Pl.   XI,   FIGURES   2   TO   2*. 

This  peculiar  spider  is  without  much  doubt  the.  one  described  and 
figured  by  Hentz  under  the  name  of  CyUopodia  cavata,  although  he 
saw  but  six  eyes  and  four  spinnerets,  and  otherwise  described  it  in- 
correctly. 

Its  habits  have  been  well  described  by  B.  G.  Wilder  in  the  Popu- 
lar Science  Monthly,  1875,  where  he  calls  it  Hyptiotes  amerieanus. 

This  spider  resembles  a  shortened  Ulohorus.  The  adult  female  is 
about  4™'"  long,  and  is  colored  like  the  end  of  one  of  the  dead  pine 
branches  among  which  it  usually  lives. 

The  cephalothorax  is  as  broad  as  long,  highest  in  the  middle  josl 
behind  the  eyes,  and  hollowed  behind  under  the  front  of  the  abdo- 
men. 

The  abdomen  is  oval,  a  little  flattened  in  front.  On  the  back  are 
four  pairs  of  low  humps,  the  second  largest,  qn  each  of  which  are  a 
few  stiff  hairs. 

The  arrangement  of  the  eyes  resembles  that  in  UloboruSy  but  the 
eyes  are  farther  apart  and  farther  back  on  the  thorax,  PI.  xi,  ^p- 
2,  2a. 

The  legs  are  short  and  thickest  in  the  middle,  tapering  distinctly 
from  the  patella  to. the  claws.  The  hind  metatarsus  bearing  the 
calamistrum  is  curved  inward  on  the  outer  side.  The  clawe  hatf 
three  or  four  teeth  and  under  the  claws  are  a  few  cur\''ed  spineft, 
some  of  which  are  toothed  as  in  Epeira.  PI.  xi,  ^g,  2e,  /*,  g.  The 
palpal  claw  has  four  or  five  teeth. 

The  mandibles  are  very  small  and  slightly  arched  forward  near  the 
base. 
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The  maxillsB  and  libiara  are  like  those  of  ITlobortis.  (PI.  xi,  fif.  2h,) 

The  spinnerets  are  long.  The  cribellum  is  sraall  and  not  divided 
in  the  middle. 

The  raale  is  about  half  as  large  as  the  female.  The  abdomen  is 
mnoh  smaller  and  the  humps  lower.  The  palpal  organ  is  very  large. 
The  tube  is  long  and  slender  and  extends  one  and  a  half  times  around 
the  organ,  supported  by  the  edge  of  a  thin  appendage.  At  the  tip 
it  lies  against  two  small  flexible  processes  and  over  them  is  a  large 
dark  horn.  The  whole  apparatus  is  so  large  as  to  cover  the  patella 
as  well  as  the  tarsus.     PI.  xi,  figs.  2c,  2d, 

The  epigynum  is  simple  externally,  but  the  inner  tubes  coiTespond 
in  length  to  those  of  the  palpal  organs. 

The  colors  of  both  sexes  are  various  shades  of  brown,  covered 
with  white  or  gray  hairs.  The  markings  on  the  cephalothorax  and 
legs  are  usually  indistinct.  The  eyes  are  surrounded  by  black  rings. 
The  hamps  on  the  abdomen  are  usually  darker  than  the  rest  of  the 
back.  Dark  markings  follow  the  dorsal  vessel  and  two  or  three  pairs 
of  its  branches.  Other  individuals  have  the  front,  and  some  the 
whole  back  of  the  abdomen  very  dark  brown. 

The  web  consists  of  four  rays  crossed  by  a  dozen  or  more  threads. 
The  point  where  the  rays  meet  is  attached  to  a  thread  which  extends 
to  the  spider's  roost,  usually  the  end  of  a  twig.  Here  it  holds  by 
the  hind  feet  and  draws  the  thread  tight  with  the  fore  feet.  When 
an  insect  strikes  the  web  the  spider  lets  go  with  the  hind  feet,  the 
elasticity  of  the  web  draws  the  thread  out  with  a  snap,  and  slides 
the  spider  along  it  toward  the  web.  When  it  reaches  the  center  it 
feels  the  rays  to  And  where  the  insect  is,  runs  out  on  the  nearest  one, 
covers  the  prey  with  silk,  and  carries  it  out  of  the  web. 

The  making  of  this  web  is  fully  described  by  Wilder.  Having 
finished  the  rays,  the  spider  begins  with  the  cross  threads  farthest 
from  the  center,  walking  along  the  upper  ray  until  it  is  near  enough 
the  next  to  step  across,  then  it  crosses  and  walks  outward  again  on 
the  second  ray.  The  new  cross  thread  is  elastic  enough  to  shorten  to 
the  proper  length  when  she  reaches  the  point  to  attach  it.  When 
the  cross  thread  is  finished  to  the  fourth  ray,  the  spider  walks  back  to 
the  center  and  out  on  the  upper  ray  to  the  point  for  beginning 
another. 

This  spider  is  common  all  over  New  England  and  the  Middle 
States.  I  have  seen  cocoons  near  their  webs,  like  that  described  by 
Wilder,  but  have  never  traced  it  to  them  or  any  other  spider. 
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EXPLANATION  OF  PLATES. 

Plate  IX.    Diciyna. 

Figs.  1,  la,   \h,  Ic,  Id,  If.     Dorsal  markings  of  different  individuals  of  Dkim 

muraria. 
Figs.  1/,  Igr,  Palpi  of  male  D.  muraria. 
Fig.  2,  D.  volucripea^  sternum  and  mouth  parts:  2a,  side  of  female;  2£>,  §ideof 

male ;  2(7,  front  of  head  and  mandible  of  female ;  2d,  front  of  head  and  m&n- 

dible  of  male ;  2e,  2/,  palpal  organ  and  male  tibia  of  different  indiTiduals. 
Fig.  3,  3a,  palpus  of  male   D.   bostonienais;   35,   3c,   3(2,   dorsal   markings  of  D. 

hostonieTisia. 
Fig.  4,  Tibia  of  male  palpus  of  D.  hngispina. 
Fig.  5,  5a,  Male  palpus  of  D,  mintUa, 

Fig.  6,  Common  dorsal  marking  of  />.  crticiata;  6a,  male  palpus  of  D.  crudata. 
Fig.  7,  Palpus  of  male  D.  rvJbra. 
Fig.  8,  Dorsal  markings 'of  D.  volupia;  8a,  86,  male  palpus  of  Z).  voiopis;  Sctibii 

of  male  palpus  seen  from  below. 
Fig.  9,  Dorsal  markings  of  abdomen  of  D.  frondea ;  9a,  palpus  of  male  of  D.  fm^ 

Plate  X.    Amaurobiua. 

Fig.  1,  Amaurobiua  aylvestris^  x  4;  la,  tibia  and  patella  of  right  palpus  of  mile: 
16,  tarsus  and  palpal  organ;  Ic,  epigynum ;  Id,  foot;  Ic.  cribellum:  1/ 
calamistrum ;  1^,  part  of  web  showing  the  arrangement  of  the  curled  thrwi^ 

Fig.  2,  Amaurobiua  tibialiaj  epigynum :  2a,  upper  side  of  right  palpus  of  mak: 
26,  outer  side  of  the  same. 

Fig.  3,  Amaurobiua  ferox,  epigynum ;  3a,  palpal  organ  of  male ;  36,  tibift  of  mk 
palpus,  upper  side ;  3c,  the  same,  outer  side. 

Fig.  4,  Head  of  TiiaruBca  americana ;  4a,  46,  palpus  of  male ;  4c,  palpus  of  feowle 
4d,  cribellum. 

Fig.  5,  Dorsal  markings  of  THtanctca  brunnea ;  5a,  under  side  of  abdomeD  of  tb« 
same ;  56,  sternum,  maxillse  and  labium ;  5c,  palpus  of  female. 

Plate  XI. 

Fig.  1,  Uloborua  plumipea^  side  of  female;  la,  top  of  cephalothorax  and  eft» 
16,  side  of  cephalothorax  and  mouth  parts;  Ic,  male;  Id,  le,  palpus  of  nuW 

Fig.  2,  Hypiiotea  cavaius,  x  8,  female;  2ti,  tlie  same,  male;  26,  cabmiitniir 
2c,  palpus  of  male ;  2d,  palpal  organ  from  below ;  the  place  of  the  Urg«  *«™^ 
nal  process  is  shown  by  a  dotted  line;  2e,  /,  g,  first  and  second  feet;  2* 
labium  and  maxill®;  2i,  2J,  thread  of  web  of  Hyptiotua  cavatw,  shoiicf 
opposite  sides ;  2A;,  Diagram  of  web. 

Fig.  3,  Web  of  Dictyna  volucripea. 
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Verrill.     Plates  40-44, 
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Ameriean  AMtoeiaticn  for  (he  Advancement  qf  Science, 

Proceedings.    Meeting  XXXVU,  XXXVni,  1888-89.    Salem,  1889-90.  8o. 
Albajit.— JViio  York  State  Library, 

Annnal  report.    LXX-LXXII,  1887-89.    8o. 
Nem  York  StaU  Mueeuni  of  Natural  History. 

Annual  report.    XL-XLIII,  188^-89.    8o. 

BuneUn.     No.  1-10, 1887-90.    8°. 

Memoirs.     Vol.  I.  1, 1889.    4°. 
AiniAFOLis.—  United  States  Naval  Itutitute. 

Proceedings.    Vol.  XIV.  8,  4,  XV,  XVI.  2-4,  1888-90.    8«>. 

Index  to  vol.  I-XV. 
BAhruioaR,— Johns  Hopkins  University, 

American  chemical  journal.    Vol.  X.  5,  6,  XI,  XII,  1888-90.    8°. 

Studies  from  the  biological  laboratory.    Vol.  IV  5-7, 1889-90.     8o. 

UnWersity  circulars.    No.  ?«,  1890.    4°. 
Marylafid  Academy  of  Sciences. 

Transactions.    VoL  1,  pp.  1-^,  1888-89.    8°. 
Boston. — American  Academy  of  Arts  and  Sciences, 

Proceedings.    Vol.  XXUI,  XXIV,  1887-89.    8°. 
Society  of  Natural  History, 

Memoirs.    Vol.  IV.  7-9, 1890.    40. 

Proceedings-    Vol.  XXIII.  3,  4,  XXIV,  1888-90.    8°. 
^ROOKLTS.—JSntomological  Society. 

Entomologlca  Americana.    Vol.  IV.  5-12,  V,  VI,  1888-90.    8°. 
Cambbidoe.— iTarvard  CoUege. 

Annual  reports  .of  the  president  and  treasurer.    1887-88, 1888x89.    8°. 
Astronomical  Observatory  of  Harvard  College. 

Annals.    Vol.  XVHL  6-10,  XIX.  1,  XX,  XXI,  XXII,  XXIV,  XXXI.  1, 
1^8-90.    40. 

Annual  report.    XLIH,  XLIV,  1888-89.    8^. 

Henry  Draper  Memorial     Annual  report.    Ill,  IV,  1889-90.    4°. 

mstary,  1840-90.    80. 
Jfuseum  of  Comparative  Zoology  at  Harvard  CoUege. 

Memoirs.    Vol.  XIV.  1,  pt.  2*,  XVI.  3,  XVII.  l,  1889-90.    40. 

Bulletin.    Vol-  XVI.  2-9,  XVII,  XX.  1-5,  1889-90.    80. 

Annual  report.    1887-88,  1888-89.    8®. 
BiUomological  Qvb, 

Psyche.    No.  188-40, 147-176, 1885-90.    80. 
Nem  England  Meteorological  Society. 

Investigations.    1889.    AP. 

Bulletin.    1889  appendix.    4^. 
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Chapbl  HiLL.-^MAa  MUehdl  Scientific  Society. 

Journal.    Vol.  V,  VI,  VII.  1,  188»-90.    8o. 
Cincinnati.— 06«rwatory. 

Publications.    No.  X,  1882-86.    8°. 

Society  of  Natural  History. 

Journal.    Vol.  XI.  3-4,  XH,  XIII.  1-3,  1880-90 
CloLOBAi>o  SPRinQS.—C<dorado  College  Scientific  Society. 

Colorado  College  studies.    1, 1890.    8°. 
Davenport.— Academy  of  Natural  Sciences. 

Proceedings.    Vol.  V.  1, 1884r^.    8°. 
FHAVKFOHT.—ICentucky  Geological  Survey. 

Chemical  report.    Vol.  A,  pt.  III.  1888.    8°. 

Report  on  the  geological  and  economic  features  of  the  JackwD  Purehise 

region.    By  R.  H.  Loughridge.    1888.    8o. 
Reports  on  the  geology  of  Bath,  Fleming,  Henry,  Shelby,  Oldhim  ud 

Mason  counties.    By  W.  McLinney.     [1886-88].    8° 
Kentucky  fossil  shells:    By  Henry  Neitelroth.    1889     4° 
Granville.— Z>tf»nls(w  UhiversUy. 

Bulletin  of  the  scientific  laboratories.    Vol  IV  V  1888-90    8° 
^^niBBVHO.-^Second  Geological  Survey  of  Bmnsylvania! 
Annual  report  for  1886.    Pt.  IV  and  atlas.    8o. 
Atlas  of  northern  anthracite  field.    Pt.  II- V.  1888-89.    8®. 
Atlas  of  eastern  anthracite  field.    Pt.  II,  III.  1888-89.    S®. 
Atlas  of  southern  anthracite  field.     Pt.  II.  1889.    8o. 
South  Mountain  atlas.    8°. 

Catalogue  of  the  geological  museum.    Pt.  III.  1889. 
Dictionary  of  fossils.    Vol.  I.  1889.    8®. 
lilTTLB  Bock.— Arkansas  Geological  Survey. 

Annual  report,  1888.    Vol.  I-III.    8«>. 
Uuyison.—  Washbume  Observatory. 

Publications.    Vol.  VI,  VII.  1,  1890.    8o. 

Wisconsin  Academy  of  Sciences,  Arts  and  UUers 

Transactions.    Vol.  VD,  1883-87.    8®. 

University  of  Wisconsin. 

Agricultural  station.    Annual  report.    V   1887-88     8° 
Uja&UiRS.Scientifie  Association. 

Transactions.    Vol.  Ill,  1887-88.    8©. 
MiDDLETOWN.— >re«fo2/an  Univei^sUy. 

Annual  report  of  the  curators  of  the  museum.    XVIH  XIX  1888-90   !^" 
^^^^^^i^i^-Oeological  and  Natural  History  Survey  <^Minne:ota     ' 

Geology  of  Minnesota.    Final  report.    Vol.  II,  1888     4^ 
-         Minnesota  Academy  of  Natural  Sciences. 
BuUetln.    Vol.  III.  l,  1885-86.    8o. 
Naw  OKLRtLm.—Academy  of  Sciences. 

Papers.    Vol.  I.  2,  1887-88.    6o. 
New  ^ORK.— Academy  of  Sciences. 

Annals.    Vol.  IV,  5-12,  V.  1-8,  1888-90     8° 
Tmusactlous.    Vol.  VII,  VIII,  IX.  1-8, 1887-90.    8° 
American  Geographical  Society. 

.^'^  ^^^-  ^^J*  ^  «°^  ««PP't.  XXI,  XXII.  1-^  1888-90.    80. 

American  Mtueum  of  Natural  History. 

Bulletin.    Vol.  II.  2-4,  III,  pp.  M94, 1889-90.    8° 
Annual  report.    1888-89,  1889-90.     8©, 
^Astor  Library. 

Annual  report.    XXXIX-XLI,  1887-89.    8o. 
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Niw  lovsL—Mkrotropical  Society. 

Journal.    Vol.  IV.  3,  4,  V,  VI,  1888-90.    8o. 

forwy  Botanical  Club, 

BulleUn.    Vol.  XV.  8-12,  XVI,  XVII,  1888-90.    8o. 
Philadelphia.. — American  Entomological  Society, 

Trtnsactlons.     Vol.  V-XVI,  XVII.  1,  2,  1874^00.    8o. 

FranJdin  Institute. 

Journal.    VoL  CXXVI.  3-6,  CXXVII-CXXX,  1888-«).    8o. 

Wagner  Fret  InMihtte  of  Science, 

TrtUBactlons.    Vol.  II,  III,  1889-90.    8o. 
RoaaSTEK.—Acadfmy  of  Science. 

Proceeding.    Vol.  I.  1, 1839-90.    8^. 
Sacramihto. — Calif omia  State  Mining  Bureau. 

innual  report  of  the  state  mineralogist.    IX,  1889.    S*>. 
Bulletin.    No.  1,  1888.    8° 
SALBic—iESnez  Institute. 

Bulletin.    Vol.  XX,  XXI,  XXII.  1-3, 1888-90.    8©. 
Sah  Fnkvoisco,— California  Academy  of  Sciences, 
Memoirs.    Voi.  II.  2, 1888.    4o. 
Proceedings.    8er.  II.    Vol.  I,  II,  1889.    8o. 
Occasional  papers.    I,  II,  1890.    8^. 

Technical  Society  qf  the  Ftidfie  Coast, 

Transactions  and  proceedings.    Vol.  V.  2-4,  VI,  VII.  1-8,  1888-90.   8o. 
ToPEKA. — Kansas  Academy  of  Science. 

Transactions.    Vol.  X,  XH.  1, 1885-89.    8o. 

Washlmm  College  Laboratory  of  Natural  History, 

BuUetin.    Vol.  I.  9-11, 1889-90.    8o. 
TmrroH,  N.  J.— MrftiraZ  Higtory  Society. 

Journal.    Vol.  IL  1, 1889.    8o. 
^kSBmo'tov.— Bureau  of  Education, 

Report  of  the  commissioner  of  education.    1886-87, 1887-88.    8o. 
Circulars  of  information.    1888,  1889, 1890,  i.    8°. 

Chirf  Signal  Officer. 

Annual  report.    1887  pt.  2, 1888,  1889.    8o. 

Department  of  Agriculture. 

Division  of  Entomology.    Bulletin.    No.  1, 10-16. 19-22,  1888-90.    8o. 

Periodical  bulletin.    Vol.  I,  II,  lU.  1-8,  1888-90.    8o. 

United  States  Geological  Survey. 

Annual  report.    VU,  VIII,  IX,  1885-86, 1886-87, 1887-88.    8®. 
BnUetln.    No.  40-61,  63-4,  66,  1887-90.    8o. 

Monographs.    Vol.  I.  XIII-XVI  and  atlas  of  vol.  XII,  1888-90.    4o. 
Mineral  resources  of  the  United  SUtes.    1887, 1888.    8o. 
Mineral  products  of  the  United  States.     1882-87. 

United  States  Nawd  Observatory. 

Astronomical  and  meteorological  observations.    1884.    4^. 
Report  of  the  superintendent.    1888,  1889.    8°. 

Smithsonian  Institution, 

Annual  report  of  the  Bureau  of  Ethnology.  V,  VI,  1888-84, 1884-86.  8^. 
Bibliography  of  the  Iroquoian  languages.  By  James  C.  Pilling.  1888.  8o. 
Bibliography  of  the  Muskhogean   languages.     By  James   C.    PllUng. 

1889.    8o. 
Textile  fabrics  of  ancient  Peru.    By  William  H.  Holmes.    1889.    8o. 
The  circular,  square   and   octagonal   earthworks  of  Ohio.    By   Cyras 

Thomas.    1889.    B**. 
The  problem  of  the  Ohio  mounds.    By  Cyrus  Thomas.    1889.    8<>. 
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W^HINGTON.— >S!m»/AMmian  InttUtUUm. 

Work  in  mound   exploration  of   the  Bureau  o£  Ethnology.    B;  Cjns 

Thomas.    1887.    8°. 
Perforated  stones  from  California.    By  Henry  W.  Henshaw.    1887.  8*. 

Surgeon  OeneroTi  Office. 

Medical  and  surgical  history  of  the  war  of  the  rebellion.    Pt  III.  Vol.  I. 
1888.    4°. 
WavtOESTBR.— American  Antiquarian  Society. 

Proceedings.    New  series.    Vol.  V.  3,  3,  VI,  1888-90.    S®. 


Amibns. — Soeidte  Linn^enne  du  Nord  de  la  France. 

BulleUn.    No.  175-210,  1887-89.    8®. 

M^moires.    Tome  VIl,  188&-88.    8^. 
AMSTBRDAJff. — Kon.  Akodemie  win  Wetenachappen. 

Jaarboek.    1886-89.    S°. 

Verslogen  en  mededeelingen.   Af deel.  natuurkunde.  3de  reeks.  Deeim- 
VII,  1887-90.    8°. 
— Kon.  Zooloffiach  Oenoot*chap  ^^NiUura  Artis  Magietra.^^ 

Bijdragen  tot  de  dierkunde.    Aflev.  14-16,  and  festnumioer.   1S86-88  i^. 
k\:iL^RKE.—8ocUti  des  Sciences  Historiques  et  NaturdU$  de  V  Tonne. 

Bulletin.    Tome  XLII-XLIII,  1888-89.    8o. 
BxaciBLONA. — Real  Academia  de  Ciencias  Naturalee  y  Aries. 

Memorla  inaugural.    Por  D.  Lauro  Clariana  y  Rycart.    1889.    8®. 
BAnih.—Ndiurforschende  Oeadlsehqft. 

Verhandlungen.    Thell  VIH.  3,  IX.  1,  1890.    8°. 
B 4V1VI A.— iTon.  Niatuurkundige  Vcreeniging  in  Nederlandach-lndie. 

Natuurkundlge  tljdschrift.    Deel  XLVIII,  XLIX,  1889-90.    8°. 
-Magnetical  and  Meteorological  Observatory. 

Observations.    Vol.  VIII,  X,  XI,  1883-8a    4». 
B 1!  ROKN.— ilf M««*m. 

Aarsberetning.    1887-89.    8«>. 
Beolin. — Kimigliclie  Stemtparie. 

Berliner  astronomisches  Jahrbuch.    1891, 1892.     8°. 
\iQUOQV JL.—H.  Accademia  deUe  Scieme  ddV  Istituto  di  Bologna. 

Rendiconto,    Anno  1887-88,  1888-89.    8^. 
i^OKBiLY. —Bombay  Branch  of  the  Boyal  Asiatic  Society. 

Journal    Vol.  XVII.  3,  1889.    8°. 
Ghvemment  Observatory. 

Mognetlcal  and  meterological  observations.    1886, 1887.    i^. 
BQmi.—yicUurhisiorischer    Verein  der  preussisehen  Bheinlande^  Westfalens  wi  ^ 
lUg.-Bezlrks  Osnabriick. 

Verhandlungen.    Jahrg.  XLV,  XLVI,  XLVII.  1, 1888-90.    8o. 
BonJiEAVX.—Acadtfmie  NdtUmale  des  Sciences^  BeUee-LeUres  et  Arts. 

Actes.    Ann^e  XLVIII,  1886.    8o. 
— — SoeiStS  Unn^enne. 

Actes.    Tome  XXIX,  XXX,  187S-75.    8o. 

Proc^s-verbaux.    1887, 1889.    8o. 
SocUti  des  Sciences  Physiques  et  Naturdles. 

M^molres.    8«  s^r.    Tome  III.  2  and  appendice,  IV,  V.  1  and  appendlce 
1887-89.    8o. 
RHjumscHWBio.—  Verein  fur  Niaturwissenschqft. 

Jahresberlcht.  V,  1886-87.    S^. 
Hiut^tnv.^NdturvHsssnscfiqfUicher  Verein. 

Abhandlungen.    Bd.  X.  8,  XI.  1,  2, 1889-90.    8o. 
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BRi6LAU.—&A2M<teA«  QemUieh<tftfiir  poUrlanditefu  OuUur, 

Jahres  Bericht.    LXV-LXVII,  1887-89.    8o. 
BRtw. —N<Uurfor$cher  Verein. 

Verhandlungen.    Bd.  XXVI,  XXVII,  1887-88.    8o. 

Bericht  der  meteorologiscben  Commission.    VI,  VII,  188(5-87.    S®. 
BnvTEiA.E8.^Aea€Umie  BoyaU  des  ScieneeSy  den  LeUre»  et  du  Beaux-ArU  de  Bdgiqtu. 

M^moires  couronn^  et  m^oires  des  savants  Strangers.     Tome  XLIX, 
1888.    40. 

M^moires  conronn^s  et  antres  mdmoircs.    Tome  XL-XLII,  1887-89.    8^. 

Bulletins.    8«  s^r.    Tome  XIII -XVI,  1887-88.    8©. 

Annoalre.    Ann^e  LI V,  LV,  1888-89.    8°. 
Mut^e  Soyal  de  PHisMre  NaiurdU. 

Balletln.    Tome  V.  1,  1887-88.    80. 
OttnifaMre  Boyal, 

Annales.    2*  s^r.    Annales  astronomiqnes.    Tome  V.  8,  VI,  1886-87.   i^. 

Annales  m^t^oroloiriques.    Tome  II,  1885.    4®. 

SoeUU  Entcmcloffique  de  Bdgique. 

Annales.    Tome  XXXI-XXXIII,  1887-89.    80. 
SoeUt^  BcyaU  Beige  de  Odographie, 

Bulletin.    Ann^e  XII,  Xm,  XIV.  1,  2, 1888-90.    8°. 
SoeUU  Boyale  de  Botanique. 

Bulletin.    Tome  XXVI.  3,  XXVn,  XXVIII,  1887-89.    8©. 

Tables  g^n^rales,  tome  I-XXV.    1890.    S<». 
SoeiiU  BoycUe  Malacdogique  de  Bdgique. 

Annales.    Tome  XXII,  XXIII,  1887-88.    8°. 

Proyds-verbaux.    Tome  XVI,  pp.  81-141,  XVII,  XVIII,  pp.  1-132,  1887-69. 
80. 
BucARSST. — InAtUut  MiUorologique  de  BoumanU, 

Annales.    Tome  HI,  1887.    4<>. 
BoDAPEST. — Kon.  ung.  Central- AnstaU  fur  Meteorciogie  und  Brdmagnetismtu, 

Jahrbucher.    Jahrg.  XVI,  XVII,  18^-87.    4°. 
Bumos  A1BB8.— 3fi4j0(>  Publico. 

Anales.    Tome  UI.  3, 1888.    40. 

Los  caballos  foslles  de  la  pampa  Argentina  descriptos  par  Dr.  O.  Burmel- 
ster.    1887.    r>. 
Soeiedad  Cient^fiea  Argentina. 

Anales.    Tome  XXV.  2-6,  XXVI-XXIX,  XXX.  1-5, 1888-90.    80. 
IVt}vinee  de  Buenoe^Ayres. 

Annuaire  sUtistiqne.    Ann^  VIII,  1888.    80. 
CAXV.—SocUt^  lAnnienne  de  Normandie. 

Bulletin.    4«  s^r.    Vol.  II,  1887-88.    80. 
CkUCimk.—Atiatie  Society  of  Bengal, 

Journal.    Vol.  LVII,  pt.  i,  ii,  no.  2-5 ;  LVIII,  pt.  I,  li ;  LIX,  pt  i,  no.  1-2, 
pt.  11,  no.  1  and  supp't,  1888-90.    80. 

Proceedings.    1888,  no.  4-10, 1889, 1890,  no.  \-Z.    8°. 
Geological  Survey  <jf  India, 

Palaeontologia  Indica.    Ser.  XIII,  vol.  Iv,  pt.  1, 1889.    4<>. 

Memoirs     Vol.  XXIV.  2,  1890.    S©. 

Records.    Vol.  XXL  8,  4,  XXII,  XXIII.  1-3, 1888-90.    8<'. 

Bibliography  of  Indian  geology,  compiled  by  R  D.  Oldham.    Preliminary 
issue.    1888.    S®. 
Meteorological  Department  of  the  Oovemment  of  India. 

Indian  meteorological  memoirs.    Vol.  III.  8-4,  IV.  5,  6, 1888-89.    fo. 

Report  on  the  meteorology  of  India.    1887,  1888.    fo. 

Report  on  the  administration  of  the  meteorological  department,   1887-88 
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C^uiVTiA.-MeUorologieal  D^tartmmt  <tfOu,  O^emment  of  India. 

MeleoroloRical  observation,  recorded  at  seren  .tatlons  in  IndK  1888  P 
Cyclone  memoirB.    Pt.  II,  1890.    8o.  •"».■<».  i. 

Meteorological  obsenratloDs  at  Simla,  1841-«.    Vol.  II.  Lond.,  :877  i' 

isi  8o   ""*  °'°''"'"'  """^  *°  '^  *''  °'  ^•'°'^-  8y  •'<""'  "="»' 

Charte  of  the  Arabian  Sea  and  the  adj«.ent  portion  of  the  North  India. 

Cambridok.— i%<;oaopAicttZ  Axri*^. 

Transactions.    Vol.  XIV.  8,  4, 1889.    40. 
Proceedings.    Vol.  VI.  4-6,  Vn.  1-8, 1888-90.    40. 
CATkmA..—Accademia  Oiomia  di  Scienze  Naturali. 

AtUSer.  III.    Tomo  XX.    Ser.  IV.    Tomo  I.    1888-90.    40 
BuUettino  mensile.    Naova  serie.     Pa«c.  1  4-13  1888^     80 
OnunnovnQ.'^SoeUtdNaiUmaUdeiSeiencet^NaturdUs,        '  '       '      * 

M^moires.    Tome  XXVI,  1889.    8°. 
Christiania.— JTon.  Uhivn'smts-Stemwarte, 

Zonenbeobachtun^en  der  Sterne  zwlschen  64°  50'  und  70o  IC  ndrdlicher 
Declination.    1888.    40. 

Norwegifches  mOeordlogUchM  InttiUU. 

Jahrbuch.    1886, 1887.    40. 

Norwegian  NoHhAUatitic  Expeditiofi,  1876-78 

Publication  XIX.    4°. 

VidenBkabs  Selakabet. 

Forhandllugar.    1888,  1889.    80. 
CnvR.'^Naturforachende  OesdUchqft  Oraubundent, 

Jahres-Bericht.    Neue  Folge.    Jahrg.  XXXI-XXXin,  1886^    8° 
Cordoba.— ^codsmia  KacUmal  de  CiencUu,  ^^^*       * 

Actas.    Tomo  VI  and  atlas,  1889.    40. 
Boletin.    Tomo  X.  2,  8.  XI.  1-3,  1887-^9     8° 
\}fiHZiQ.—Naturfor9ehmde  OeseUsehq/t. 

Scbrlften.    Neue  Folge.    Bd.  VII.  1,  a,  1888-89     80 
Duov.—AeadSmie  des  Sciences,  Arts  et  BOles-Lettres. 

M^moires.    8-  s^r.  Tome  X.    4  s^r.  Tome  I.  1887-«9     80 
T^OHPAT.—Oelehrte  Mstnische  GMdkehqft. 
Sltiungsberlchte.    1888-89.    80. 

Naturforacher-OeaelUchqft  bei  der  UnivereUdt  DorpaL 

^"^m.  ^8o.^*'  ^'^*''^*""^^  Llv.Ehst-und  Kurlands.    Ser.  I.    Bd.  IX.  5, 

SItzungsberichte.    Bd.  VIII.  3,  IX.  1,  1888-89     8° 

Schriften.  V,  1890.    8°. 
Drbsdbn.— iVaftirwiMwift-Aq/r^itf^tf  OeeeUichaft  Iris. 

SItzungsberichte  und  Abhandlungen.    1888,  1889  1890     «o 
VerHn  fur  Erdkunde,  »    ow.    i«  . 

Mlttheilungen.    1888.    8°. 

Festschrift  zur  Jubelfeier  des  36jahrigen  Bcstehens     1888     Ko 

^'t*!^r''*'«'^'K^*'*'o'"'l''  Lfl«des-und  Volkskundedes  Koniicreich 
Sacbsen.    Bearb.  von  Paul  Emll  RIchter.    1889     80  «^o°«freicD 

BiTBLiv.— Royal  Irish  Academy. 

Transactions.    Vol.  XXIX.  1-13.  1887-90.    80. 

Proceedluffs.     Ser.  II.    Polite  lit.  and  antlq.' Vol  II  8     q^i-.^^     ri 
IV.  6.    Ser.  III.    Vol.  I.  1-3.  1888-90.    80  ^^^"""^    ^"^ 

Cunningham  memoirs.    No.  V,  1890.    40. 
Todd  lecture  series.    Vol.  I.  1,  n,  1887-89.    80. 
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DuBLOt^—Boifdl  Iri$h  Academy, 

Irlab  manuscript  series.    Vol.  II.  1, 1890.    8o. 

List  of  papers  published  Id  the  traDsactions,  CunniDgham  memoirs,  and 
Irish  mannscript  series,  1786-1886.    4o. 

Boyal  Oeologieal  Society  qf  Ireland, 

Journal.    Vol.  XVII.  3,  1885-87.    8o. 
Edinbdboh. — Botanical  Society. 

Transactions  and  proceedings.    Vol.  I.  1-8,  III.  2,  IV,  V,  X,  XI,  XII.  8, 

XIIL  2,  3,  XIV-XVII,  1841-1889.    8°. 
Annual  report  and  proceedings.    I-VIII,  1886-44, 1855.    8o. 

Oeoloffical  Society. 

Transactions.     Vol.  V.  4,  VI.  1, 1888-90. 

Boyal  Phyeieal  Society, 

Proceedings.    Vol.  IX.  2,  3,  X.  1, 1886-89.    8o. 

Boyal  Society. 

Proceedings.    Vol.  XV,  XVI,  1887-89.    4o. 
Emdkv. — KaturfoTKhende  OetdUche^ 

Jahresbericht.    LXXII-LXXIV,  1886-80.    8°. 
Erfurt. — Kon.  Akademie  gemeinniitxiger  WiMameehaften, 

Jahrbucher.    Neue  Folge.    Heft  XVI,  1890.    8©. 
FiRKNZB. — BMioUca  Nasdonale  CentraU, 

BoUettino  delle  pnbblicazloni  Itallane  ricevute  per  diritto  dl  stamps. 
No-  62-119,  1888-90.    8°. 

R.  btUuto  di  Studi  Superiori  IVaetici  e  di  I^exionamerUo. 

Pnbblicazloni.    Sezione  di  filosofla  e  fllologia. 
Le  seconde  nosxe  del  conjnge  superstite.    Studio  storico  di  Alberto  Del 

Vecchlo.    1885.    S^. 
I  piu  nntichi  frammenti  del  costituto  Fiorentino  raccolti  e  pubblicati 
da  Guiseppe  Rondoni.    1882.    8o. 

Sezione  dl  Sclenze  flsiche  e  naturali. 

Osservazioni  continue  della  elettricitd  atmosferlca  istituite  a  Firense 

dal  Prof .  Antonio  Roiti.  1884.    $<>. 
Linee  general!  della  fisiologia  del  cervelletto.    Prima  memoria  del  Prof. 
Luigi  Luciani.    1884.    8o. 

Sezione  di  medicina  e  chirui^. 

Archivio  della  scuola  d'anatomia  patologica.    Vol.  II,  1882.    8«. 
Esegesi  medico  legale  sul  methodus  testiflcandl  di  Giovan  Battista  Co- 
dronchL     Pel  Prof.  Angiolo  Fllippi.  1883.    8°. 
Frankfurt  a.  M. — Deuteche  malakozodlogieche  OeeelUchc^. 

Nachrichtsblatt.    Jahrg.  XX.  7-12,  XXI,  XXD,  1888-90.    8o. 

Senehenbergieehe  naturforaehende  C^eedUehc^. 

Abhandlungen.    Bd.  XV.  3,  XVI.  1, 1888-90.    4o. 
Bericht.     1888-90.    8o. 
Frriburo  in  B. — NaturfoTtehende  OesetUehaft. 

Berichte.    Bd.  II-IV,  1887-89.    8o. 
Gbn%ys. — Latitut  Naiianal  OettevoU. 

BoUetin.    Tome  XXIX,  1890.    8o. 
Mdmoires.    Tome  XVII,  ia^J6-89.    4o. 

Soci^t^  de  J^ysiqtie  et  d'Histoire  Naiurelle, 

Mi^moires.    Tome  XXX,  1888-90.    4°. 

Museo  Cipieo  di  Storia  Naturaie, 

Annali.    Ser.  II.    VoL  lU-VI,  1886-89.    8°. 
GiBSSBN. — Oberheaeiache  OeadUchc^  fiir  Natur-und  BeUkunde. 

Bericht.    XXVI,  XXVU,  ;881>-90.    8o. 
Qi^ASeow.—Oeolcgieal  Society. 

Transactions.    Vol.  VIU.  2, 1886-«8.    8o. 
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Qi^hSQOYr. ^Natural  Hittory  Society. 

Proceedings  and  transactions.    New  series.    Vol.  II,  IIL  1, 1885-89.  8*. 
Philo9ophicdl  Society, 

Proceedings.    Vol.  XIX,  XX,  1888-89.    8o. 
05TTiN0EN.~iCdni^{.  QeseUsch^ft  der  WisfenachafUn, 

Nachrichten.    1888,  1889.    8o. 
GtJSTROW.—  Verein  der  Freunde  der  Ndturg&tchieJUe  in  Mecklenburg. 

Archlv.    Jahrg.  XLU,  XLIII,  1888-89.    8°. 
RABASA..—£ecd  OoUgio  de  Bden. 

Observaclones  magneticas  y  meteorologicas.    1886.  iv,  1887, 1^8.  i    4°. 
Halifax,— iV<wa  Scotian  InttittUe  qfJ^atural  Science. 

Proceedings  and  transactions.     Vol.  I.  4,  V.  8,  4,  VI.  3-4,  VIL  H 
1865-89.    8o. 
Department  of  Mines. 

Report.     1888,  1889.    S©. 
Hallb. — Kais.  Leopoldiniaeh-Oarolinisehe  deuUche  Akademie  der  NatwforKher. 

Leopoldina.    Heft  XXIV,  XXV,  1888-89.    4o. 
Naturforachende  OeadUchqft. 

Abhandlnngen.    Bd.  XVII.  1,  2,  1888.    4<=>. 

Bericht.    1887.    8«>. 
■^^--'Natunoiaaenachc^ieher  Verein  fUr  Sacfiaen  und  Thiiringen. 

Zeitschrift  fur  Naturwissenschaf ten.    Bd.  LXI,  LXII,  LXIH.  1-5, 189M0. 
8o. 
Hamburg. — Deutache  Seewarte. 

Archiv.    Jahrg.  X-XII,  1887-89.    4°. 

MonatUche  Uebersicht  der  Witterang.    1888  Marz-Dec,  1889, 1890  Jaa.- 
Mai.    8«>. 

Deutsches  meteorologisches  Jahrbuch.  1887, 1888.    A9. 

Ergebnisse  der  meteorologlschen  Beobachtnngen,  1876-1885.    i*'. 
NaturvoiaaenacJui^icher  Verein. 

Abhandlnngen.    Bd.  XI.  1,  1889.    4o. 
WiaaenachafUiche  Anstalten, 

Jahrbuch.    Jahrg.  VI,  1888. 
B.X3XVoyKn.—Naturhiatoriache  Oeaellaehaft. 

Jahresbericht.    XXXVUI,  XXXIX,  1887-89.    8©. 
Harlbm.— JfiM^e  Teyler. 

Archives.    Sdrie  II.    Vol.  II.  1,  III.  2-4, 1884-90.    8©. 

Catalogue  de  la  blbliothdque.    Vol.  I.  7,  8,  II.  1,  3.    1887-89.    8<>. 
Sod^U  HoUandaiae  dea  Sciencea. 

Archives  n^erlandaises  des  sciences  exactes  ct  naturelles.    Tome  XSllI, 
XXrV,  1888-90.    8°. 
Hblbimofors. — Societaa  Scientiarum  Fennica. 

Acta.    Tom.  XV,  XVI,  1888.    4©. 

Ofverslgt  af  forhandlingar.    XXVIII-XXXI,  1885-89.    8o. 

Bidrag  till  kannedom  af  Finlands  natur  och  folk.    Haft.  XLV-XLVIIlt 
1887-89.     8o. 

Finska  Vetenskaps^ocleteten,  183^-1888,  dess  organisation  och  Terkcam- 
het.    Af.  A.  E.  Arppe.    1888.    8°. 
Societaa  pro  Fauna  et  Flora  Fennica. 

Acta.    Vol.  m,  IV,  V.  1,  1886-88.    8«>, 

Meddelanden.    Haft.  XIV,  XV,  1888-89. 

Herbarium  musei  fennici.    Ed.  2.    I.    Plantae  vasculares.  1889.    8^ 

Notae  conspectus  florae  fcnnicae.    Auctore  H.  Hjelt.     1888.    %^. 
Hkruawst A J>T.—  Siebenkiirgiacher  Verein  fur  Naturtohaenaehaften. 

Verhandlungen  und  MItthellungen.    Jahrg.  XXVIII.  XXIX,  J888-89.  S*. 
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HoBABT.— JfoyoZ  Society  <^  Taamania. 

Piftpers  and  proceedings.    1887, 1888.    8°. 
JwsA.—JiedickiUeh'nattirtoisaetuefii^iche  OegeUteTiaft. 

Jenaische  Zeitschrift  fur  Naturwlssenscbaft.    Bd.   XXII.  3,  4,  XXIII, 
XXIV,  1888-00.    8o. 
Khabkow. — SocUU  de8  Sciertces  Meperimmtales  annexSe  d  V  UnivertMde  Kharkow, 

Travaux  de  la  secUon  m^dlcale.    1886-^,  1888.  i,  1889.  Mil.    8°. 
KiEL.^Kdnigl.  Chrittian  Albre6?it»-Vhiver9im, 

Schriften  aus  dem  Jahre  1887-88,  1888-89,  1889-90.    S<=>  and  4°. 
NatwrwitaenuhafUicher  Vertin  fiir  SehUsurig-HolsUin, 

Schriften.    Bd.  VII.  2,  VUI.  1,  1889.    8o. 
ExM^.—Kienkie  Obthchestvo  lestutvoispytatdei. 

ZaplskL    Tom.  IX.  1,  2,  X.  1-3,  XI.  1, 1888-88.    8©. 
RjObsnhavic. — Kon,  Danake  Videnskabemes  Selskab. 

Overalgt  over  forhandllnger.    1887.  UI,  1888,  1889,  1890.  I.    8o. 
KOviGBBBBO. — Kcnigl^  phyHkalUch-okonomitche  OeadUehaft. 

Schriften.    Jahrg.  XXVIH-XXX,  1887-89.    4o. 
KKiLK6w.— f  .  k.  SttmwarU, 

Materyaly  do  klimatografii  OaUcyi.    Rok  1887,  1888.    8o. 
La.  Plata.— Jfttfeo. 

La  mne^  de  La  Plata.    Rapide  coup  d'ceil  snr  sa  fondation  et  son  dd- 
yeloppement.    Par  F.  P.  Moreno.    1890.    8°. 
LAXJBAXfinm.—SocUU  Vaudoiae  dea  Sciences  Nat^vrdUs. 

Bulletin.    8«  s^.    No.  97-101,  1888-90.    8o. 
iMKD^^Torkahire  Oeologieal  and  Bdytechnic  Society, 

Proceedings.    New  series.    Vol.  X,  XI.  1--',  1888-89.    8o. 
Lkdb:!. — Nederlandeche  IHerkwidige  Vereenigitig. 

Tijdscria.    Ser.  II.    Deel  U.  8,  4,  supplement  deel  II,  1888-89.    8o. 
LtiPziQ.—AstrotumiiBehe  OeeelUeJioft, 

Vierteljahrsschrift.    Jahrg.  XXIII,  XXIV,  XXV.  1,  2, 18S8-90.    8«. 

Publication.    XIX,  1889    4°. 

Catalog.    Abth.  L    Stuck  IV,  XIV,  1890.    4©. 
Kon,  adehtUche  GeadUehqft  der  Wiaeerucfiaften, 

Berichte.    Matk-physische  Classe.    Bd.  XL,  XLI,  XLII.  1, 1888-00. 

Register  zu  den  Jahrg.  1866-85  der  Berichte  und  Bd.  I-XII  der  Abhand- 
Inngen.    1889.    8°. 
Katurfonrachende  OeaeUacht^ft, 

SiUungsberichte.    Jahrg.  XIII,  XIV,  1888-87.    8«>. 
Vereinfiir  Erdkvnde, 

MittbeUungen.    1887-89.    %<>. 

Zoologischer  Anzelger.    No.  283-850, 1888-90.    8®. 

LEkm.—SoeiSt^  O^ologique  de  BOgique, 

Annales.    Tome  Xni.  2,  XIV.  2,  XV.  2.  3,  XVI.  1,  1888-89.    S®. 
Soei^tS  JSoyale  dea  Sciences, 

M^moires,    2^  sdr.    Tome  XV,  XVI,  1888-90.    8o. 
lAaoL.—Sociadad$  de  Oeographia. 

Boletin.    Serie  VU.  9-12,  VIII,  IX.  1-6, 1887-90.    8«>. 

Catalogue  e  indices.   As  publica; oes.    1889.    8^. 

Indices  e  catalogos.    A  biblioteca.    1. 1890.    8o. 

Historla  do  infante  D.  Duarte  irm&o  de  el-rei  D.  Jofio  IV.    Por  Jos^ 
Ramos-Coelho.    Tomo  1. 1889.    8^. 
LinapooL.— I^tt«rary  and  PMloaophicdi  Society, 

Proceedings.    No.  XLI-XLin,  1887-89.    8°. 
lATsnom, -^Oeologieal  Society, 

Quarterly  JonmaL    Vol.  XLIV.  8,  4,  XLV,  XLVI,  1888-90.    8o. 
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LoNDON.—JyiiiiMan  Society. 

Journal.    Zoology.    No.  118-128,  180-144,  1888-90.    8©. 

— BoUny.    No.  150, 153-167, 150-174,  181-182, 1887-00.    S®. 

Proceedings.    1887-88.    8o. 

List.    1888-90.    8o. 
MathemaUeal  Society. 

Proceedings.    No.  821-890, 1888-90.    8o. 
BoycU  Meteorologicdl  Society. 

Quarterly  Journal.    New  series.    No.  67-7«,  1888-90.    8o. 

List  of  fellows.  1889,  1890.    8°. 
Hoyal  Microaeopieal  Society. 

Journal    1888.  i?-vl,  1889,  1890.  i-?.    »<>. 
RoycU  Society. 

Phllosopbical  transactions.    Vol.  CLXXVIH,  CLXXIX.  A,  B,  CLXXI. 
A,  B.    1887-80.    40. 

Proceedings.    No.  270-294,  1888-90.    80. 

List  of  council  and  members.    1887-89.    40. 
LoDVAiN.— La  Cellule.    Tome  I-V,  VI.  1,  1884-90.    8®. 
Lund.— Uhivertitet. 

Acta.    Tom.  VIH,  XVIII,  XXIV,  XXV,  1871-89.    4°. 
Lrov.^Acad^mie  dee  Sciences,  BdUe-Lettree  et  Arte. 

M^molres.    Olasse  des  sciences.    Tome  XXVIII,  XXIZ,  188M8.  99. 

Histoire  des  berbiers.    Par  le  Dr.  Saint-Lager.    Paris,  1885.    9^. 

Recherches  sur  les  anciens  herbaria.    Par  le  Dr.  Saint-Lager.  Paris,  18K. 
8«>. 

Viciscitudes  onomastiques  de  laglobulaire  yulgaire.    Paris,  1888.  8^. 
MMe  Ouimet. 

Annales.    Tome  XIII,  XV-XVII,  1888-89.    40. 

Reyue  de  IHiistoire  des  religions.    Tome  XVI,  2,  8,  XVH-XXI,   ISff-H 
80. 
Madras. — Oovemment  ObeerwUoiy. 

Observations  made  with  the  meridian  circle,  1865-67.    4^. 
Madrid.— C^mMon  dd  Mapa  Oeologicode  B^xsOa, 

Boletin.    Tomo  XIV,  XV,  1887-88.    80. 

Memorias.   Descripcion    flsica,  geologica  y  minera  de  la  proTindt  de 
Huelva.    Por  D.  Joaquin  Gonzalo  y  Tarin.    Tome  I,  II,  l88$-88.  8«. 

Mapa  geologico  de  Espafla.    Hoja  6,  8, 12, 16, 19,  20,  28, 94,  87,  SB,  SI,  A 
1889. 
ObeervcUorio. 

Obseryaciones  meteorologicas.    1886-87.    8®. 

Resumen  da  las  obseryaciones  efectuadas  en  la  peninsula.    186A,  18K.  ^- 
Sociedad  HepaHola  de  Hitioria  Natural. 

Anales.    Tomo  XVIL  2,  8,  XVni,  1888-89.    80. 
Beat  Aeademia  de  Cieneiae  EhcactaSy  Fieieae  y  Natwralee. 

Memorios.    Tomo  Xm.  2,  8, 1889.    4P. 

Revista  de  los  progresos  de  las  dendas  ezactas.      Tomo   XXIL  H 
1888-89.    80. 

Anuario,  1889.    99. 
MANOHB8TBR.~JStt0rary  and  PMloeophical  Society. 

Memoirs  and  proceedings.    Series  IV.    Vol.  l-m,  1888-90.    8^. 
liAXBXTRO.—OeeelUefiaft  tur  Bef&rdenmg  der  geeammten  yigtHrwimm  mkqftm 

Sitzungsberichte.    Jahrg.  1888, 1889.    S<*. 
Mrlbournb. — National  Mueeum. 

Prodromus  of  the  zoology  of  Victoria.    Decade  XVI-XX.    1888-M.  I* 
"Sivtz.—AcaddmU. 

M^moires.    8*  s4r.    Ann^  XV,  188&-86.    80. 
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Mmoo.— Qftirwrtorto  MitMroiogieo-Magnttieo  Central. 

Boletin  mensuel.    Tomo  I.  6-13,  U,  188&-89.    i9, 
Soeitdad  dentifiea  ''Antonio  Alaate,'' 

Memorlas.    Tomo  U,  III,  IV.  1-a,  1888-90.    8°. 
Sodedad  de  Oeographia  y  SstadiUiea, 

Boletin.    Epoca  IV.    Tomo  I.  1-4,  6,  1888-89.    8o. 
Sodedad  Mexieana  de  Hiatoria  Natural. 

La  natnraleza.    Ser.  II.    Tomo  I.  4-9.    188^90.    4©. 
MiDDVLBURG. — ZeeuiMch  Genootechap  der  Wetetutehappen. 

Zelandia  iUastrata.    Veirol/?.  1885.    8o. 

LeTensberichten  van  Zeenwen.    Afl.  I,  n,  1888-89.    8o. 

De  stadBrekenlngen  van  Middelbari^.    III.  1500-1549.    Door  H.  M.  Eeste- 
loo.    8o. 

VlQchtbergen  in  Walcheren.    Door  Dr.  J.  C.  Man.    1888.    8^. 
MiLANO.— 22«i{  I^Uuto  Lombardo  di  Seiejtze  e  Lettere, 

Rendiconto.    Serie  II.    Vol.  XX,  XXI,  1887-88.    8«>. 
Beat  Otaervalorio  di  Brera. 

PubbUcazlonl    No.  XX XIII-XX XVII,  1888-91.    4o. 
Soeietd  Italiana  di  Scienxe  Naturali. 

Atti.    Vol.  XXIV-XXXn,  1881-90.    8«>. 
)i0VKKk.—Regia  Aeeademia  deUe  Scienge,  Latere  ed  ArtL 

Memorie.    Serie  II.    Tomo  V,  VI,  1887-88.    4o. 
Soeietd  dH  Natwalisii. 

Memorie.    Ser.  UI.  'Vol.  VII.  1,  VUI,  IX.  1, 1888-90.    8o. 
UovrrvLLiER.—Aeaddmie  dee  Seieneee  et  LeUret. 

M^moires.    Section  des  lettres.    Tome  VIII.  2,  8, 1888-89.    4*. 
)L<M€OV,—SoeUt4  Impdriale  de$  NaturaOtctee. 

BnUetin.    Ann^e  1888,  1889, 1890.  i.  8o. 

Nonyeaux  m^moires.    Tome  XV.  6, 1889.    4o. 

Meteorologische  Beobachtangen  am  Observatorium  der  landwirth.  Aka- 
demie  bei  Moskau.    Jahr.  1887.  ii,  1888, 1889.  i.    4«>. 
MfiroHBN. — Kon,  bayerieehe  Akademie  der  Wietenechaften. 

Sitzangsberichte.    Philo8ph.-philolog.  und  hlstor.  Clasee.    1888, 1889, 1890. 
Bd.  I.  1,  2.    8*. 

Mathemat-pbyBikal.  Claase.    1888, 1889, 1890  Heft  1,  2.    8°. 

Ueber  die  Molekularbeschoffenbeit  der  Kryetalle.    Festrede  von  Dr.  Paul 
Groth.    1888.    4o. 

Ueber  die  historische  Methode  anf  dem  Oebiet  des  deutscben  CivilproceBs- 
recbte.    Festrede  Yon  J.  W.  y  Planck.    1889.    4o. 

Georg  Simon  Ohm's  wissenschaftUche  Lelstnngen.    Festrede  yon  Eugen 
Lommel.    1889.    4o. 

Die  Anfange  einer  polltischen  Literatnr  bei  den  Griechen.    Festrede  yon 
Rodolph  SchoU.    1890.    4°. 

Gedachtnisrede  anf  Karl  yon  Prantl.    Von  W.  y.  Christ.    1889.    4<>. 

Gedachtnisrede  anf  J.  yon  Dollinger.    Von  C.  A.  Cornelius.    1890.    4^. 
JGm,  SUmwarte, 

Neae  Annalen.    Bd.  1, 1890.    4^. 
yLtin^tzVL.—  We4faliieher  Provineial-Vereinfur  Wiesenaehaft  und  Kunst. 

Jahrcsbericht.    XVI,  XVU,  1887-88.    8«>. 
'Skmcj.^Ajcad^miede  Stanidcu, 

M6moires.    5*  s^r.    Tome  V-VII,  1888-89.    8o. 
Napoli.— ^  Aeeademia  delle  Scienu  Fieiehe  e  Matematiehe, 

AtU.    Ser.  U.    Vol.  I-III.  1887-89.    4o. 

Redlconto.    Ser,  II.    Vol.  I-IU,  1887-89.    4«>. 
^EVCRkTKL,^Soeidtd  des  Sciences  NatureUes. 

BnUetin.    Tome  XVI,  1888.    8o. 
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Nrwoastlb-UPON-Ttotl— ^or<A  of  England  InUituU  qf  Mining  4md  IMaatd 
Bngituers. 

Transactions.    Vol.  XXXVII.  5,  6,  XXXVIII.  1-5,  1888-90.    S®. 
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I, — Some  Expebimbnts  on  the  Physiological  Action  of  Uranium 
Salts.     By  R.  H.  CHrrrBNDEN  and  Albxandeb  Lambbbt,  M.D. 

In  1885,  experiments  were  commenced  in  the  laboratory  of  phys- 
iological chemistry  at  Yale  University,  to  ascertain  something 
regarding  the  physiological  and  toxical  action  of  uranium  salts.  At 
that  time  there  was  little  accurate  knowledge  concerning  uranium. 
Gmelin*  had,  in  1 824,  performed  a  few  experiments  with  the  nitrate 
from  which  he  concluded  that  this  salt  is  a  feeble  poison ;  thus  he 
states  that  15  grains  had  no  effect  on  a  dog,  that  1  drachm  merely 
caused  vomiting  after  more  than  an  hour's  interval,  and  that  34 
grains  killed  a  rabbit  in  52  hours  by  stopping  the  irritability  of  the 
heart,  while  3  grains  injected  into  the  jugular  vein  of  a  rabbit 
caused  instant  death.  Later,  in  1851,  there  appeared  a  statement 
in  the  British  and  Foreign  Medico-chirurgical  Review  that  Leconte 
always  found  sugar  in  the  urine  of  dogs  slowly  poisoned  by  small 
doses  of  uranium  nitrate.  This  statement  was  commented  upon  by 
Hughes  in  his  manual  of  pharmico  dynamics  (p.  866),  and  has  been 
made  the  basis  of  a  claim  by  the  so-called  homoeopathic  school  that 
aranium  nitrate  is  a  remedy  for  diabetes.  Hughes  also  refersf  to  a 
monograph  by  Edward  Blake  on  uranium,  where  three  persons  and 
nineteen  animals  were  experimented  on.  In  none  of  Blake's  subjects, 
however,  human  or  brute,  was  sugar  eliminated  in  the  urine. 
Ulceration  of  the  pyloric  end  of  the  stomach  and  of  the  duodenum 
was  found  well  marked  in  several  of  the  animals,  although  in  no 
case  was  the  drug  introduced  directly  into  the  stomach.  Hughes, 
likewise,  refers  to  several  cases  of  diabetes  which  he  considers  were 
cared  by  the  exhibition  of  small  doses  of  uranium  nitrate,|  one-sixth 
to  one-third  of  a  grain  three  times  a  day.  This  constitutes  all  the 
matter  bearing  on  uranium  that  we  have  been  able  to  find. 

Oar  work  was  commenced  by  a  series  of  experiments  on  the  in- 
fluence of  a  variety  of  soluble  uranium  salts  on  the  action  of  the 
araylolytic  and  proteolytic  ferments  occurring  in  the  animal  organ- 

*  Edinburgh  Medical  and  Surgical  Journal,  vol.  xxvi,  p.  136. 

t  Ibid.,  p.  867. 

X  Lancet,  June  13,  1874. 

Trisr  Cohn.  Acad.,  Vol.  VIII.  1  Nov^  1888. 
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ism.  The  results,  already  published,*  show  plainly  that  all  of  the 
uranyl  salts,  with  one  or  two  exceptions,  have  a  more  or  less  marked 
inhibitory  influence  on  amylolytic  and  proteolytic  action.  With 
the  salivary  ferment,  even  0*010  per  cent,  of  uranyl  nitrate  was  suffi- 
cient to  completely  stop  all  action,  while  with  pepsin-hydrochloric 
acid  and  with  alkaline  trypsin  solutions,  0'6  per  cent  of  the  same 
salt  was  required  to  produce  an  equal  effect.  In  this  case  the 
inhibitory  action  of  the  uranium  salt  was,  in  part  at  least,  due  to  the 
formation  of  a  more  or  less  definite  and  indigestible  compoaod  of 
uranium  with  the  proteid  matter  to  be  digested.f 

On  the  excretion  of  carbonic  acid,  uranyl  nitrate,  by  a  later  denes 
of  experiments,!  was  also  found  to  have  a  marked  influence.  With 
rabbits,  the  hypodermic  injection  of  this  salt  was  followed  by  a  slight 
rise  in  body  temperature  and  a  decided  increase  in  the  elimiDation 
of  carbonic  acid.  The  action  of  the  salt  was  somewhat  slow,  but 
repetition  of  the  experiment  always  led  to  an  increase  of  body 
temperature  and  a  decided  increase  in  the  amount  of  carbonic  acid 
excreted.  0*7  gram  of  the  salt  in  divided  doses  was  required  to 
produce  the  result  stated,  the  rabbit  not  suffering  any  apparent  ill 
effects  from  this  quantity. 

The  object  of  the  present  series  of  experiments  has  been  :  1st,  to 
ascertain  the  influence  of  uranium  salts  on  proteid  metabolism  ;  2d, 
to  ascertain  something  regarding  the  toxic  action  of  uranium  salts; 
and  3d,  whether  uranium  has  any  influence  on  the  production  of 
glycosuria. 

Influence  on  proteid  metabolism. 

In  this  experiment  a  mongrel  bitch  weighing  18*8  kilos  was  em- 
ployed. The  animal  was  confined  in  a  convenient  cage  suitably 
arranged  for  the  collection  of  the  excreta,  and  was  fed  during  the 
experiment  upon  a  constant  diet  of  known  composition.  A  large 
quantity  of  fresh,  lean  beef  finely  chopped,  was  dessicated  at  a  low 
temperature  until  it  had  lost  about  75  per  cent,  of  water.  It  then 
contained  11*88  per  cent,  of  nitrogen,  as  determined  by  Kjeldahl's 
method.  A  large  quantity  of  ordinary  soda  crackers  were  obtained 
and  when  sampled  were  found  to  contain  0-69  per  cent,  of  nitrogen. 
40  grams  of  this  prepared  beef  and  25  grams  of  the  crackers,  with 


♦  Chittenden   and   Hutchinson.      Studies  from  the  Laboratory   of    Physiological 
Chemistry,  Yale  University,  vol.  ii. 
t  See  Chittenden  and  Whitehouae.     Studies,  vol  ii,  p.  111. 
X  Chittenden  and  Cummins.     Studies,  vol.  ii. 
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400  c  a  of  water  were  fed  to  the  animal  twice  daily,  making  a  total 
daily  income  of  10*054  grams  of  nitrogen.  As  soon  as  nitrogenous 
eqailibrium  was  established,  the  24  hoars'  urine  was  analyzed  for 
nine  consecutive  days,  thus  giving  the  average  composition  of  the 
normal  excretion.  Uranyl  nitrate  was  then  administered  for  ten 
consecutive  days  in  gradually  increasing  quantities. 

The  accompanying  tables  give  the  analytical  results.  Nitrogen 
was  determined  by  the  Kjeldahl  method,  sulphur  and  phosphorus 
by  fusion  of  a  given  volume  of  the  urine  with  potassium  hydroxide 
and  potassium  nitrate  in  a  silver  crucible,  and  precipitation  of  the 
sulphur  as  barium  sulphate  and  of  the  phosphorus  first  as  phospho- 
ammonium  molybdate  and  then  as  ammonio-magnesium  phosphate.* 

Normal  Urine— Without  uranium. 


Dat« 

Volume. 

ar>P<^'- 

Nitrogen  Sulphur. 

Phos- 
phoruB. 

Dose  of 
Uranjl  nitrate. 

May 

c.  c. 

1 

grams. 

gram. 

gram. 

81 

565 

acid        1016 

8-414 

0-441 

0-572 

0 

June 

1 

610 

1017 

10-880 

0-516 

0-687 

0 

2 

680 

1016 

10040 

0-558 

0*665 

0 

8 

600 

1018 

9-618 

0-589 

0-595 

0 

4 

680 

1018 

10-770 

0-661 

0-715 

0 

5 

570 

1010 

10-825 

0-608 

0*682 

0  . 

6 

460 

1020 

8-788 

0-628 

0-746 

0 

7 

590 

1018 

10-091 

0-576 

0-712 

0 

8 

640 

1016 

10-768 

0-604 

0-645 

(  0*025  gram. 
10025 

Total 

Bi95 

.... 

.... 

89-139 

5-181 

5-919 

Daily 
average 

588 

.... 

1017-5 

9-904. 

0-575 

0-657 

\ 

Examination  of  the  first  table  shows  that  the  animal  was  in  nitro- 
genous equilibrium,  the  average  daily  excretion  of  nitrogen  for  the 
normal  period  being  9*904  grams  while  the  daily  amount  of  nitrogen 
taken  was  10-054  grams,  thus  showing  a  fairly  close  agreement,  espe 

*  See  studies  from  Laboratorj  of  Physiologioal  Chemistry,  Tale  University,  vol.  ii, 
p  88.    • 
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cially  as  there  would  be  a  slight  loss  of  nitrogen  through  the  hair  shed 
daily.  On  commencing  the  administration  of  araninm  nitrate,  small 
doses  were  at  first  given  two  or  three  times  daily  in  gelatin  capsules, 
at  times  not  to  interfere  with  digestion.  On  the  second  day,  araniom 
was  detected  in  the  urine.  On  June  12th,  the  5th  day  the  aranium 
salt  was  given,  a  trace  of  albumin  appeared  in  the  nrine  and  on  the 
day  following,  the  24  hours'  urine  contained  1-74  grams  of  albamia 

With  Uranium. 


Date. 

Volume. 

Re- 
action. 

Sp.  Gr. 

Total 
nitrogen. 

Nitro.   ] 

gen— 
nitrogen  '  Sulphur. 

of 
albumin. 

Phofl.    JDofleof 

pbonis.  ,  Uranjl 

'  nitrate. 

June 
0 

10 

11 

12 

18 

14 

15 

16 

17 

c.  c. 
600 

600 

602 

680 

640 

710 

720 

880 

640 

acid 

1017 
1015 
1018 
1017 
1022 

1020 

1023 

1022 

1025 

grams. 
10-285 

8-805 

8-925 

8-380 

11-391 

8-847 

10-608 

11-767 

11-178 

grams. 
10-285 

8-895 

8-925 

8-380 

11-093 

8-439 

10-141 

11-446 

10-955 

1 

1  gram. 

0-587 
0-404 
0-574 
0-626 
0-724 

0-634 

0-571 

0-738 

0-606 

^  ^    1  i  (Htt5 

0-608    1     0-050 

(0-025 

0-621    '     0-025 

1     0035 

^^    1  jo-050 

(0-050 

0-628         0-050 

0-050 

1     0075 
0-704    1     0-075 

,     0-076 

1     0-150 
0-626    1     0-150 

,     0-150 

Total. 

eo^B 

90-S76 

88-659 

5-863 

6-m  i   ^'^^ 

Doily 
average 

669 

1019-9 

lO'OSl 

9-839 

0-596 

0-689 

18 

650 

acid 

1026 

10-179 

9-772 

0-611 

0-642    1      0 

On  the  16th  of  June,  the  urine  contained  7*7  grams  of  sugar.  The 
appearance  and  disappearance  of  both  albumin  and  sugar  were  fol- 
lowed quantitatively  and  the  results  will  be  discussed  later  on. 
Naturally,  the  appearance  of  albumin  in  the  urine  compels  a  correc- 
tion in  the  table  of  nitrogen  results  on  those  days  when  albamio 
was  excreted.  This  has  been  done  by  subtracting  from  the  total 
nitrogen  found,  the  nitrogen  equivalent  to  the  albumin,  on  the 
assumption  that  the  latter  contains  15*5  per  cent  of  nitrogen. 
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Examination  of  the  analytical  results  shows  that  the  uranium  salt 
has  a  marked  inBuence  on  the  excretion  of  water,  the  increase 
amounting  on  an  average  for  the  nine  days  period  to  over  80  c.  c. 
per  day.  There  is  also  a  very  marked  increase  in  the  speci6c 
gravity  of  the  daily  excretion,  but  this  is  without  doubt  in  great 
part  due  to  the  presence  of  albumin  and  sugar,  as  the  increase  is 
roost  noticeable  on  those  days  when  the  largest  amounts  of  sugar  and 
albumin  were  excreted. 

Regarding  nitrogen,  a  comparison  of  the  total  amounts  excreted 
for  the  two  periods,  after  correction  for  the  nitrogen  of  the  albumin, 
indicates  that  small  doses  of  the  uranium  salt  have  little,  if  any, 
influence  on  proteid  metabolism.  On  the  last  three  days  of  the 
uranium  period,  however,  when  the  amount  administered  had  not 
only  been  increased,  but  there  was  doubtless  also  an  accumulative 
effect,  the  excretion  of  nitrogen  appeared  to  be  considerably  above 
the  normal,  certainly  enough  to  warrant  the  assumption  that  com- 
paratively large  doses  of  uranium  salts  may  increase  somewhat  pro- 
teid metabolism,  and  this  view  is  sustained  by  the  increase  in  both 
the  total  and  daily  average  amounts  of  sulphur  and  phosphorus 
excreted.  During  the  uranium  period  of  ten  days,  1-296  grams  of 
the  nitrate,  or  19*98  grains,  were  given  without  any  apparent  ill 
effects  being  immediately  produced. 

Excretion  of  sugar  and  albumin. 

After  about  0*4  of  a  gram  of  uranium  nitrate  had  been  given,  the 
urine  began  to  show  traces  of  albumin  and  five  days  after  this,  sugar 
made  its  appearance.  The  amounts  excreted  are  shown  in  the  accom- 
panying table.  Sugar  was  determined  by  Allihn's  gravimetric 
method,  and  albumin  by  boiling  with  acetic  acid  and  collecting  the 
coagulum  on  a  weighed  filter.  On  the  18th,  the  weighed  diet  was 
discontinued,  but  the  urine  was  kept  under  close  scrutiny  with  the 
results  shown  in  the  table.  The  sugar  first  disappeared  and  four 
days  after  this  the  albumin,  likewise.  On  again  administering 
uranium,  and  in  much  larger  doses  than  in  the  first  series,  both 
sugar  and  albumin  failed  to  appear  until  after  a  single  dose  of  over 
4  grams  of  the  salt  had  been  administered,  when  considerable  albu- 
min showed  itself  in  the  urine.  We  were  then  compelled  to  stop 
the  experiment,  and  the  dog  was  chloroformed  and  a  post-mortem 
immediately  made. 

The  liver  was  excessively  congested  and  appeared  abnormally 
large.      Microscopic  examination  of  hardened  sections  showed  an 
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Table  showing  the  amounts  of  Albumin  and  Suqab  in  the  Dog*s 

Urine. 


Do6eof 

Date. 

Volume. 

Reaction. 

Sp.  Gr. 

Albumin. 

Sugar. 

Uranyl 
nitrate. 

June 

c.c. 

grams. 

grams. 

grams. 

8 

640 

acid 

1016 

0 

0 

>     0-050 

0 

600 

(( 

1017 

0 

0 

0-070 

10 

600 

K 

1015 

0 

0 

0-075 

11 

602 

(( 

1018 

0 

0 

0-075 

13 

680 

** 

1017 

trace 

0 

O-O50 

13 

640 

it 

1022 

1-741 

0 

0-075 

14 

710 

{( 

1020 

2-684 

0 

0-050 

15 

720 

t( 

1023 

8-000 

0 

0150 

16 

880 

t( 

1022 

2066 

7-785 

0-2^ 

17 

640 

♦* 

1026 

1-441 

7-449 

0-450 

18 

650 

tt 

1026 

2-638 

7-476 

0 

weighed 

diet  discontinued. 

10 

1280 

acid 

1016 

8-604 

14-887 

0 

20 

t( 



considerable 

considerable 

0 

21* 

750 

(( 

1027 

8-048 

0-525 

0 

22 

410 

alkaline 

1085 

1-756 

0 

0 

28t 

.  -  - 

acid 

some 

0 

0 

24 

460 

<( 

1018 

0-578 

0 

0 

25 

480 

alkaline 

1080 

trace 

0 

0 

26 



.--. 

0 

0 

0 

27 







0 

0 

04 

28 

-  -.- 

_  --  - 

0 

0 

0-5 

20 



---. 

0 

0 

0 

80 





---- 

0 

0 

0 

July  1 

.... 



.... 

0 

0 

1-0 

2 







0 

0 

0 

8 



..  - 

0 

0 

1-5 

4 

.... 



0 

0 

44 

5 



considerable 

0 

0 

infiltration  of  cells  around  the  blood  vessels,  bat  aside  from  this  and 
an  apparent  tendency  of  the  liver  cells  to  separate  into  stringy 
masses  there  was  nothing  abnormal.  The  kidneys  both  had  adh^^ 
ent  capsules  and  the  medullary  portion  was  large  in  ratio  to  the 
cortex,  which,  besides  being  smaller  than  normal,  was  striated.  The 
lesion  as  made  out  microscopically  was  acute  parenchymatous  nepb- 


♦  On  this  day  granular  caats  wore  found,  but  they  were  not  present  on  the  fono»- 
ing  day. 

f  Dojf  vonjitod  freely. 
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ritis.  The  endothelial  cells  of  the  malphigian  tufts  were  swollen 
and  proliferated,  so  that  frequently  the  tuft  of  vessels  was  com- 
pressed by  these  proliferating  cells  and  by  the  detritus  and  infiltrat- 
ing pus  cells.  In  the  convoluted  tubules  the  cells  were  swollen, 
granular  and  very  much  broken  down,  while  the  lumen  of  the  tubes 
themselves  was  often  filled  with  detritus  and  cast  matter.  In  the 
straight  tubules,  the  cells  were  also  occasionally  broken  down  and 
frequently  swollen  and  granular.  The  stroma  was  found  in  places 
infiltrated  with  pus  cells.     Stomach  and  intestines  were  normal. 

Further  data  regarding  the  excretion  of  albumin  and  sugar, 
through  the  action  of  uranium,  are  given  in  the  description  of  the 
toxic  action  of  this  substance. 

The  toxic  action  of  uranium. 
Our  experiments  on  the  toxic  action  of  uranium  have  been  confined 
wholly  to  the  action  of  pure  uranyl  nitrate  on  rabbits,  nine  in  number. 
The  animals  were  confined  in  cages  with  proper  outlets  for  collecting 
the  excreta,  and  were  fed  on  grass,  spinach,  and  other  green  food. 

Experiment  I. 

Large,  vigorous  buck.  In  this  experiment  small  doses  of  uranium, 
gradually  increased,  were  given  in  gelatin  capsules,  and  the  urine 
examined  each  day  for  albumin  and  sugar.  The  accompanying  table 
gives  the  details  of  dose  and  the  amounts  of  sugar  and  albumin 
found. 

Outside  of  changes  in  the  urine  there  were  no  indications  of  toxic 
action  until  on  the  ninth  day,  when  a  slight  weakness  was  noticeable, 
especially  in  the  hind  legs.  After  this,  the  animal  gradually  grew 
weaker  and  emaciated,  with  total  loss  of  appetite  and  with  eyes  dull 
and  wateiy.  On  the  8th  of  June,  a  large  quantity  of  thick  tenacious 
rancus  mixed  with  pinhead  fsBces  was  passed.  Motion  of  all  kinds 
was  difficult.  On  the  9th  of  June,  the  animal  could  not  sit  up  and 
during  portions  of  the  day  there  appeared  to  be  paralysis  of  both 
hind  legs.  Later  in  the  day  the  power  of  motion  returned,  and  when 
placed  on  his  back  the  rabbit  could  kick  out  feebly  with  both  legs. 
On  the  next  day  his  weakness  and  dullness  were  still  more  pro- 
nounced, and  when  stirred  from  a  squatting  posture  he  trembled  vio- 
lently. His  eyes  were  watery  and  glazed,  with  the  pupils  widely 
dilated.  On  touching  the  cornea  he  did  not  offer  to  close  the  eye- 
lids, but  endeavored  to  withdraw  his  head.  All  power  of  vision  was 
apparently  lost.  Later,  he  lost  the  power  of  coordination  in  his  legs, 
was  unable  to  make  any  codrdinate  movements,  though  still  retaining 
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the  power  to  move  each  limb  separately.     All  ftecal  discbarges  bid 
stopped  an^  the  animal  refused  all  food. 


Date. 


Volume. 


May    I     c.  c. 
25  78 


27 

28 

29 

80 

81 

June 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 


70 
85 
75 

75 

82 
75 
80 
18 
12 

45 

80 


Reaction. 


alkaline. 


neutral, 
alkaline. 


Sp.  Gr. 

Albumin. 

gram. 

1020 

0 

— 

0 

1020 

0 

1016 

0 

i022 

0-189 

1028 

0-140 

1028 

0125 

1021 

0-101 

1020 

0-178 

— 

0-217 

— 

0155 

1025 

0-518 

— 

0-801 

— 

consid- 
erable. 

Sugar. 


gram. 
0 

0 

0 
0085 
trace. 

0-492 
0 
0 
0 
0 
0 

0 
0 
0 


Doee  of  Uranyl  nitnte. 


gram. 

"0-025 

0-050 

'  0-0K5 

0-050 
0050 
0-050 


1 


0-050 

0-050 
0-025 
0050 
0-050 
0-060 
I  0-050 
^0-050 
0-050 
0-050 
0-O50 


0-050 

0100 

0-100 

0-100 

0-150 

}  0150 

ioaoo 

)  0-200 
(0-200 
^0150 

2.175graiM. 


On  the  morning  of  the  1 1th  found  dead.  Post-mortem  ghowcd  iht 
heart  distended  on  the  right  side  and  the  lungs  normal.  The  liver 
was  much  smaller  than  normal  and  the  gall-bladder  full  of  very  W«k 
bile.  On  a  microscopic  examination  of  the  liver,  the  only  notice»bl« 
feature  was  the  extreme  congestion.  In  the  stomach,  the  mncoifct 
membrane  seemed  somewhat  disintegrated.  In  the  intestines,  hrown 
colored  spots  were  seen  where  Peyer's  patches  are  situated,  and  mi- 
croscopic examination  showed  that  the  latter  were  deeply  inflarac^l- 
Further,  from  the  large  amount  of  mucus  in  the  mucous  glands,  it 
was  evident  that  there  was  acute  catarrhal  inflammation  of  the  inte*- 
tines.  The  caecum  was  full  of  black  matter.  There  were  no  Doraul 
fasces  in  the  colon  or  rectum,  only  the  pin-head  variety. 
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The  kidneys  were  very  much  diminished  in  size  and  extremely  con- 
gested. Sections  showed  that  the  epithelial  cells  of  the  malpighian 
tufts  were  not  swollen  or  proliferated,  though  in  some  places  the 
tufts  of  vessels  were  slightly  compressed  by  detritus.  The  cells  of 
the  convoluted  tubules  were  swollen,  granular  and  broken  down  or 
gone  entirely,  as  were  also  the  cells  of  the  straight  tubes,  the  latter 
being  also  filled  in  places  with  casts  and  detritus.  The  vessels  be- 
tween the  tubes  were  filled  with  blood.  The  stroma  was  swollen 
and  infiltrated  with  pus  cells  and  in  places  there  were  extravasations 
of  blood. 

Brain  and  cord  were  slightly  congested,  but  otherwise  normal. 

Examination  of  the  table  of  urine  tests  shows  that  sugar  appeared 
first  in  the  urine,  but  continued  only  (or  three  days,  while  albumin 
showed  itself  immediately  after  the  first  ajipearance  of  the  sugar  and 
continued  throughout  the  experiment.  The  amount  of  urine  voided 
grew  gradually  smaller  as  the  animal  began  to  feel  the  full  effects  of 
the  uranium. 

Experiment  II, 
In  this  experiment,  uranium  was  given  as  indicated  in  the  follow- 
ing table,  and  the  urine  examined  each  day. 


Dole. 

Volume. 

Reaction. 

Sp  Gr. 

Albumin. 

Sugar. 

Dose  of  uranjrl  nitrate. 

June 

c.  e. 

gram. 

gram. 

gram. 

1 

— 

alkaline. 



0 

0 

0050 

2 

100 

i( 

1014 

trace. 

0 

J  0-050 
<0050 

8 

55 

it 

1025 

0192 

0 

j  0-050 
]  0-050 

4 

41 

(( 

— 

0-227 

0-406 

j  0-050 
0050 

5? 
7 

125 

acid. 

1024 

1-095 

1-078 

oooo 

120 

alkaline. 

1024 

0-528 

0-917 

8 

100 

acid. 

1022 

0-237 

trace. 

j  0-100 
}  0-100 

9 

55 

alkaline. 

— 

0-851 

0 

j  0-100 
J  0100 

10 

125 

<( 

1022 

0-687 

0-480 

J  0-100 

(0100 

0-100 

11 

75 

(( 

— 

0 

12 

75 

a 

1022 

0-832 

0 

0100 

1.850  grams. 

On  June  4th,  the  animal   began  to  show  weakness,  particularly 
noticeable   in  his  hind  legs,  but   this   disappeared  and  the  animal 
Traks.  Ookk.  A.OAD.,  Vol.  VIII.  2  Nov.,  1888. 
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appeared  better.  On  the  11th,  it  had  lost  its  appetite,  become  emaci- 
ated  and  showed  general  weakness  and  loss  of  mascalar  power.  On 
the  following  day  at  noon  it  was  found  dead,  without  having  shown 
any  marked  symptoms  other  than  general  depression  of  the  mascalar 
system. 

The  heart  was  found  greatly  distended  on  the  right  side,  longs 
normal  and  the  liver  small  and  congested,  especially  near  the  lower 
edges  of  the  left  lobe.  Kidneys  were  also  small  and  congested.  The 
bladder  contained  quite  a  little  urine,  with  considerable  albumin  and 
sugar  in  it. 


Experiment  IIL 

This  experiment  was  practically  a  duplicate  of  the  preceding.  Au 
albino  buck  was  used  and  the  uranium  salt  was  forced  down  liit 
throat  in  gelatin  capsules,  as  in  the  preceding  experiments.  Tht 
table  shows  the  amount  of  nitrate  given  and  the  character  of  the 
urine  each  day. 


Date. 

Volume.    Reaction. 

Sp.  Gr. 

AlbumiD. 

Sugar. 

Dose  of  uranyl  nitrate 

May 
25    • 

c.  c. 
171 

alkaline. 

1014 

gram. 
0 

gram. 
0 

gram. 
0025 

26 

— 

acid. 

— 

trace. 

0 

^0-050 
)  0-025 

27 

28  • 

no  urin 

e  passed. 

I  0050 

iSf    - 

alkaline. 

1026 

0-494 

0.275 

i  0-050 
j  0-050 

1 
81      Ino  urin 

e  passed. 

jO-050 
^0025 

0-800  gram. 

The  first  symptom  noticeable  was  the  suppression  of  urine  for  over 
forty-eight  hours.  On  the  27th,  the  animal  was  quite  dull  and  showed 
signs  of  general  weakness.  As  he  walked,  he  moved  as  if  it  caused 
him  pain  in  the  lumbar  region.  On  the  next  day  he  showed  great 
thirst,  and  he  finally  died  on  June  1st,  a  loose  diarrhoea  setting  in  s 
few  hours  before  death. 

Post-mortem  examination  showed  that  the  heart  had  stopped  in 
diastole,  and  that  it  was  much  distended  with  blood.  Lunge  were 
normal.  The  liver  was  congested,  as  were  also  the  kidneys.  The 
latter  had  non-adherent  capsules.  The  stomach  contained  consider- 
able undigested  food,  and  its  mucous  membrane  was  partly  disinte- 
grated.    Portions  of  the  duodenum  were  somewhat  congested.    The 


Physiological  Action  of  Uranium  Salts.  11 

bladder  contained  a  few  cubic  centimeters  of  urine,  which  had  in  it 
considerable  sqgar  and  some  albumin. 

The  most  noticeable  feature  of  this  experiment  was  the  suppression 
of  urine. 

Experiment  IV. 

In  this  experiment,  a  large  white  buck  was  used  and  the  uranium 
was  administered  in  capsules  as  follows  : 


May  17 

0-050  gram  uranyl  nitrate. 

18 

0-075      " 

19 

0-075      "          **            ** 

20 

0025      " 

0-225 

There  were  no  symptoms  of  toxic  action  until  the  morning  of  the 
20th.  The  rabbit  was  then  dull  and  weak.  He  trembled  violently 
as  he  hopped  about ;  the  hind  legs  appeared  partly  paralyzed.  The 
pupils  were  dilated  and  the  appetite  gone.  On  the  21st,  weakness 
was  still  more  pronounced.  Any  movement  was  accompanied  by 
tremblings  and  great  difficulty  was  experienced  while  walking,  in 
making  the  different  movements  correctly.  There  was  severe  diar- 
rhoea and  the  animal  showed  extreme  emaciation.  On  the  22d,  the 
diarrhoea  had  passed  into  an  involuntary  defecation  more  or  less 
continuous.  The  animal  was  too  weak  to  move  and  lay  all  the  fore- 
noon breathing  heavily,  though  the  number  of  respirations  per  minute 
did  not  go  much  beyond  normal,  45-54  per  minute.  On  the  afternoon 
of  this  day,  two  days  after  the  last  dose  of  uranium  had  been  admin- 
istered, the  animal  appeared  stronger,  the  involuntary  defecations 
had  ceased,  though  a  loose  diarrhoea  still  continued,  and  the  animal 
appeared  to  have  recovered  the  use  of  its  locomotive  muscles.  On  the 
23d,  however,  the  animal  was  again  unable  to  move  and  finally  died 
at  noon,  the  diarrhoea  having  continued  more  or  less  up  to  death. 

During  the  last  three  days  there  was  complete  suppression  of 
urine,  but  on  the  20th,  59  c.  c.  of  urine  were  passed,  of  specific  gravity 
1022,  and  which  contained  0*656  gram  of  sugar. 

On  post-mortem  examination,  the  heart  was  found  to  have  stopped 
in  diastole  and  engorged  with  blood.  The  lungs  were  congested. 
The  kidneys  had  non-adherent  capsules  and  the  cortex  and  medulla 
showed  severe  congestion.  The  stomach  contained  no  food,  but  con- 
siderable tenacious  mucus.  The  small  intestines  from  duodenum  to 
ciecum  were  very  much  congested. 
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Experiment  V. 

Gray  and  white  buck.  This  experiment  was  a  re|>etition  of  No. 
lY,  the  same  amounts  of  uranium  salt  being  given  and  at  the  aaaie 
intervals  of  time.  The  animal  died  three  days  after  the  last  dow  of 
uranium  had  been  administered.  The  symptoms  were  not  very 
marked,  simply  loss  of  muscular  power,  and  a  gradual  wasting  awty. 
On  post  mortem,  the  heart  was  found  in  diastole  and  engorged  witL 
blood.  Lungs  congested.  The  liver  was  black  with  the  blood  in  it, 
especially  on  the  edges,  and  when  pressed  between  the  fingers  wi# 
extremely  pliable  and  of  a  soft,  pulpy  consistency,  showing  mirked 
parenchymatous  degeneration.  The  gall  bladder  was  distended  wiib 
very  dark  bile.  Both  kidneys  had  non-adherent  capsules.  The  left 
kidney  was  slightly  congested.  The  intestines  had  an  inflamed  patch 
in  the  jejunum  and  were  congested  for  a  foot  above  it.  The  bladder 
contained  a  little  urine,  which  gave  reactions  for  both  sugar  and 
albumin.  Sugar  and  albumin  were  also  found  in  the  urine  several 
days  before  death. 

Experiment  VL 

In  this  experiment  still  smaller  amounts  of  uranium  were  adminis- 
tered, a  total  of  only  0*175  gram  being  given  in  three  days.  Tlie 
following  table  shows  the  dosage  and  the  changes  in  the  urine : 


Date. 

Volume. 

Reaction. 

Sp.  Gr. 

Albumin. 

Sugar. 

P090  of 

uran^rl  nitrate. 

June 

14 

15 

16 
17 

c.  c. 

110 
75 
80 

60 
50 

alkaline 

1048 

1027 
1022 

1015 

gram. 

0 

0 

0-104 
0-387 
0126 

0-154 

some 
trace 

gram. 

0 

0 

0 
0 
0 

0 

0 
0 

gram. 

0-050 
jOOSO 
^0-025 

0-050 

18 

19) 

20f 

21 

22 

0175 

There  were  no  noticeable  symptoms  of  toxic  action  aside  from  th< 
changes  in  the  urine,  and  even  here  there  was  no  sugar  at  any  tiw 
present.  Just  as  the  albumin  had  almost  disappeared  from  the  uriof 
and  we  looked  for  speedy  recovery,  the  animal  was  found  dead  {o^ 
the  23d).  Post-mortem  showed  the  heart  in  diastole,  engorged  with 
blood.    Lungs  normal.     Liver  normal,  aside  from  a  slight  congwtioa. 
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Sectioos  under  the  mioroBCope  showed  no  pathological  changes.  The 
kidneys  were  congested.  Under  the  microscope,  the  epithelial  cells 
were  proliferated  and  occasi(»nally  the  tufts  were  seen  slightly  com- 
pressed by  these  proliferating  cells  and  detritus.  The  convoluted 
tubules  showed  swollen  and  granular  cells,  even  broken  down,  in 
places.  In  the  straight  tubules,  the  cells  were  also  swollen  and  gran- 
ular and  sometimes  were  detached  from  the  tubes.  In  places,  there 
was  cast  matter  and  detritus  in  the  tubes.  The  stroma  was  normal. 
Hence,  here,  as  in  many  of  the  preceding  experiments,  it  is  a  case  of 
acute  parenchymatous  nephritis.  The  stomach  was  full  of  undi- 
gested food  and  apparently  normal ;  the  duodenum  was  congested 
aud  the  small  intestines  throughout  were  nearly  empty,  except  for  a 
little  mucus.  The  bladder  had  in  it  about  10  o.  c.  of  urine,  which 
contained  a  trace  of  albumin  but  no  sugar. 

JSxperiment  VIZ 

An  albino  rabbit,  A  single  dose  of  0*8  gram  of  uranyl  nitrate 
was  given  in  a  gelatin  capsule  by  mouth  on  June  13th.  Outside  of 
changes  in  the  urine  there  were  no  symptoms  whatever  until  the  17th, 
when  in  the  early  morning  the  animal  was  found  weak  and  power- 
less, all  motor  power  completely  gone.  It  rapidly  grew  weaker  and 
died  in  the  afternoon  of  the  same  day. 

The  right  side  of  the  heart  was  found  much  distended.  The  lungs 
were  normal,  the  liver  small  and  congested.  Kidneys  were  also 
small  and  congested  and  of  a  cloudy  appearance.  Microscopic  exam- 
ination showed  acute  parenchymatous  nephritis.  Stomach  was  full 
of  undigested  food,  but  the  intestines  were  empty.  Both  appeared 
normal. 

On  June  15th,  160  c.  c.  of  alkaline  urine  were  passed,  of  specific 
^vity  1023.  It  contained  0*748  gram  of  albumin  and  1069  grams 
of  sugar.  On  the  16th,  30  c.  c.  were  passed  of  1022  specific  gravity 
and  containing  0*412  gram  of  albumin  and  0*354  gram  of  sugar. 
On  the  17th,  no  urine  was  passed  and  on  making  the  post  mortem  the 
bladder  was  found  empty. 

With  this  rabbit,  an  attempt  was  made  to  ascertain  how  much 
carbohydrate  matter  there  was  in  the  liver  at  the  time  of  death. 
40  grams  of  the  sampled  and  finely  ground  liver  were  thoroughly 
extracted  with  boiling  water  (continuous  extraction  for  three  days), 
frequently  replaced.  The  several  decoction:*  were  ultimately  united 
and  finally  brought  to  a  volume  of  500  c.  c.  Two  portions  of  200  c.  c. 
each  were  placed  in  suitable  flasks  aud  suflicient  hydrochloric  acid 


14  Chittenden  and  Lambert — Miy>eriments  an  the 

added  to  each,  to  make  the  fluid  contain  2  per  cent  HCL  The  acid 
fluids  were  then  heated  on  water-baths  for  15  hours,  in  order  to  coo- 
vert  all  carbohydrate  matter  into  dextrose.  The  fluids  were  thGi 
neutralized,  evaporated  and  finally  tested  for  dextrose  with  Feh- 
ling's  solution,  by  Allihn's  gravimetric  method.  Both  solutions  failed 
to  give  any  reducing  action  whatever,  thus  showing  a  total  lack  of 
carboliydrate  matter  in  the  liver.  This  is  in  strong  contrast  to  tht 
normal  condition  of  a  rabbit's  liver,  which  contains  an  abundance  of 
carbohydrate  matter,  both  sugar  and  glycogen;  on  an  average  10*55 
per  cent,  of  total  carbohydrates,  as  determined  by  methods  similar 
to  the  one  just  described.*  Glycogenic  function  is  then  destroyed  by 
uranium,  the  same  as  in  phosphorus  poisoning,  but  unlike  the  action 
of  phosphorus  there  is  apparently  no  fatty  degeneration  of  the  orgam 

The  liver  here  experimented  with  was  small  for  the  size  of  the  rab- 
bit, a  large  white  buck.  It  was  also  noticeable,  as  in  many  of  the 
other  rabbits  experimented  on,  that  while  the  stomach  was  fall  of 
food,  sometimes  even  distended  by  it,  there  was  nothing  at  all  in  the 
intestines  below  the  pylorus  until  the  csecum  was  reached,  which  was 
again  full,  and  the  intestines  below  were  either  almost  free  from 
faeces  or  else  contained  only  the  pin-head  variety.  The  food  in  tbe 
stomach  was  wholly  undigested.  As  has  been  already  pointed  oal,  i 
small  percentage  of  a  soluble  uranium  salt  is  sufficient  to  complet^lj 
stop  gastric  and  pancreatic  digestion.  This  being  the  case  it  is  qaiu 
probable  that  the  emaciation,  etc.,  so  noticeable  in  uranium  poison- 
ing, is  the  direct  result  of  the  action  of  the  salt  on  the  digestive  fniw- 
tions.  Nothing  being  digested  there  would  be  no  matter  for  absorp- 
tion, and  hence  no  sugar-forming  material  for  the  liver.  All  ibc 
carbohydrate  matter  stored  up  would  in  a  little  time  be  corapletelj 
consumed  and  as  the  portal  blood  could  bring  no  new  nutritive  mat- 
ter, the  liver  would  naturally  diminish  in  size  and  the  animal  become 
emaciated  and  eventually  die  from  that  cause  alone,  even  if  the  urao- 
ium  gave  no  other  direct  cause  of  death.  In  this  connection  we  also 
need  to  recall  the  general  increased  metabolism  of  both  nitrogesoos 
and  non-nitrogenous  matter,  under  the  influence  of  uraniam. 

The  uranium  salt  may  also  act  specifically  on  the  liver  cells,  tfiect- 
ing  their  metabolic  power,  preventing  any  storage  of  carbohydritt 
matter  or  more  probably  causing  a  degeneration  of  the  cells,  bj 
which  they  may  be  led  to  give  up  to  the  blood  in  abnormal  abund- 
ance all  the  carbohydrate  matter  previously  stored  up.     This  posMl»k 


*  Post-mortom  formation  of  sugar  in  the  liver.    Studies  from  Laboratory  of  ?t\^ 
logical  Oheivij*try,  Yale  University,  vol.  1,  p.  171. 
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specific  action  of  the  poison  on  the  liver  cells  would  in  a  measure  ex- 
plain the  temporary  glycosuria,  which  appears  and  then  disappears  so 
frequently  in  uranium  poisoning.  Further,  by  a  combination  of  this 
specific  action  with  the  non-absorption  of  nutritive  matter  through 
retarded  digestion,  it  would  be  easy  to  explain  the  alternate  appear- 
ance, disappearance  and  re-appearance,  of  sugar  in  the  urine  in  these 
cases.  Where  the  symptoms  run  their  course  with  a  fair  degree  of 
rapidity,  as  in  continued  dosing  with  uranium,  sugar  appears  in  the 
urine  for  a  few  diiys  and  then  disappears,  although  the  amount  of 
uranium  administered  may  be  steadily  increased.  In  fact,  the  in- 
creased dose  of  uranium  is  doubtless  the  cause  of  the  further  non- 
appearance of  the  sugar,  since  the  stored  up  carbohydrate  material 
having  been  wholly  used  up,  and  at  the  same  time  digestion  and  ab- 
sorption being  prevented,  there  is  no  more  carbohydrate-producing 
material  available,  either  directly  or  indirectly.  On  the  other  hand, 
if,  after  the  sugar  at  first  present  has  disappeared  from  the  urine, 
there  comes  an  interval  of  a  day  or  so  when  uranium  is  not  adminis- 
tered and  digestion  again  starts  up,  then  the  specific  action  may 
again  come  into  play  and  a  temporary  glycosuria  again  result.  This 
condition  was  noticed  in  experiment  No.  II. 

In  some  of  the  experiments,  there  seems  to  have  been  a  visible 
change  in  the  hepatic  cells,  as  in  the  experiment  next  to  be  described, 
where  under  the  microscope  the  cell  bodies  appeared  as  if  collected 
into  small  granules  or  even  broken  down.  Again,  in  some  experi- 
ments, as  in  No.  V,  there  was  a  noticeable  pulpy  degeneration  of  the 
liver  cells. 

Experiment   VIII, 

In  this  experiment,  the  uranium  salt  was  introduced  by  hypodermic 
injection.  0*23  gram  of  uranyl  nitrate  in  a  little  water  was  injected 
heneath  the  skin  of  the  leg  of  a  good-sized  rabbit,  on  June  20th  at  4.0 
p.  M.  Two  days  after  he  showed  marked  weakness,  although  his 
appetite  remained  good.  On  the  following  day  he  appeared  quite 
dormant  and  could  be  roused  only  with  difficulty  ;  power  of  motion 
seemed  to  be  nearly  gone.  He  died  the  next  day  at  noon.  On  June 
21st,  the  day  following  the  administration  of  the  uranium,  60  c.c.  of 
alkaline  urine  were  passed  containing  0*234  gram  of  albumin  and 
0-660  gram  of  sugar.  After  this,  there  was  complete  suppression  of 
urine  till  death. 

Post-mortem, — Heart  had  stopped  in  diastole ;  lungs  normal.  The 
liver  was  mottled  and  congested  slightly  in  areas.     Under  the  micro- 
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scope,  sectioDR  showed  the  cell  bodies  stroDgly  granulated,  with  tbeir 
outlines  mostly  clear,  but  in  places  broken  down. 

There  was  also  an  infiltration  of  pus  cells  around  the  blood  vessels 
The  kidneys  were  normal  in  size  and  appearance,  with  non-adherent 
capsules.  Under  the  microscope,  however,  all  the  conditions  chanife- 
teristic  of  acute  parenchymatous  nephritis  were  to  be  seen.  T^ 
epithelial  cells  of  the  malpighian  tufts  were  proliferated,  so  mncb  so 
as  to  compress  the  vessels.  Both  convoluted  and  straight  tubales 
had  their  cells  swollen,  granular  and  broken  down.  The  stroma  was 
normal.  Some  adipose  tissue  in  the  pelvis  of  the  kidney  was  infil- 
trated with  pus  cells.  There  was  also  considerable  detritus  between 
the  papillae.  The  bladder  was  empty  and  contracted.  In  the  abdom- 
inal cavity  there  was  about  30  c.c.  of  a  coagulable,  clear  fluid.  The 
stomach  was  full  of  food,  the  intestines  empty.  No  fseces  in  colon 
and  rectum.  No  signs  of  congestion  in  the  alimentary  tract,  except 
in  the  rectum,  where  there  were  red  blotches  which  proved  to  be  the 
begiiming  of  inflammation  and  infiltration  of  pus  cells.  The  animal 
appeared  to  have  died  from  suppression  of  urine. 

Experiment  IX. 

In  this  experiment,  one  large  dose  of  uranium  (10  gram  of  the 
nitrate)  was  given  by  mouth  on  June  2'7th,  at  4.30  p.  m.  On  July  5th- 
the  animal  was  still  alive,  but  weak  and  emaciated.  There  were  do 
symptoms  other  than  those  already  described.  Owing  to  lack  of 
time  we  were  not  able  to  continue  the  experiment,  but  wishing  to  see 
any  changes  which  might  have  occurred  in  the  organs  the  animal  wms 
chloroformed  and  a  post  mortem  made.  On  June  28th,  the  urine 
passed  contained  some  albumin,  but  no  sugar;  on  July  1  st,  considera- 
ble albumin,  but  still  no  sugar. 

The  liver  was  found  to  be  small  but  not  congested.  The  cell  saV 
stance,  as  seen  under  the  microscope,  was  collected  into  small  gran- 
ules. Nuclei  and  nucleoli  were  quite  distinct.  Kidneys  had  noo- 
adherent  capsules,  but  they  were  congested  and  the  cortex  looked 
striated.  Under  the  microscope,  the  epithelial  cells  of  the  glomenili 
were  seen  to  be  swollen  and  proliferated.  In  the  convoluted  tube*^ 
the  cells  were  slightly  swollen  and  granular  and  occasionally  brokMi 
down.  The  straight  tubes  were  also  broken  down  in  places  and  con- 
tained cast  matter.  The  stroma  was  normal.  Stomach  was  filled 
with  food,  while  the  intestines  were  entirely  empty.  Peyer's  pAtehes 
wiTi*  swollon  t\\\i\  infiltrated  with  pus  cells.  The  ciecnm  was  par- 
tially tilled  with  matter  and  the  end  of  it  looked  honey-combed.      It 
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proved  to  be  slightly  inflamed,  and  with  cells  infiltrated  into  it  more 
or  less.     Colon  and  rectum  were  empty. 

From  these  resalts,  collectively,  it  is  to  be  seen  that  uranium  is  an 
irritant  poison  and,  like  other  metallic  irritants,  produces  gastro-intes- 
tinal  irritation  of  more  or  less  intensity,  as  shown  by  the  acute  diar- 
rhcea  and  other  symptoms  met  with  in  this  form  of  poisoning.  In 
the  niajority  of  cases,  the  action  of  the  uranium  salt  on  the  intestines 
results  in  a  simple  enteritis,  but  this  is  liable  to  pass  eventually  into 
acute  catarrhal  inflammation. 

As  ordinarily  administered,  it  is  not  in  any  sense  a  rapid  poison ; 
the  ingestion  of  a  fatal  dose  of  a  uranium  salt  is  not  followed  by  any 
noticeable  effects  for  some  time.  The  action  of  a  small  amount  (150 
milligrams)  is  apparently  as  rapid  and  pronounced  as  that  of  large 
quantities  (I  gram).  The  first  noticeable  symptom  in  rabbits  is  gen- 
eral weakness,  lack  of  motor  power,  loss  of  coordination  and  occa- 
sional temporary  paralysis  of  the  locomotor  muscles.  Introduced 
into  the  stomach  in  sufficient  amounts,  it  checks  digestion  and  even 
stops  it  altogether.  On  the  other  hand,  it  appears  to  increase  some- 
what proteid  metabolism  and  also  to  increase  the  elimination  of  car- 
bonic acid  and  raise  the  body  temperature.  Hence,  it  is  to  be  consid- 
ered as  having  a  direct  action  on  nutrition,  the  disturbance  of  which 
is  also  plainly  indicated  by  the  rapid  emaciation  which  follows  the 
administration  of  uranium. 

Its  most  marked  lesions  are  its  destructive  action  on  the  kidneys, 
and  its  destruction  of  the  kidney  tissue  itself.  It  causes  here  an  acute 
parenchymatous  nephritis  of  the  same  kind  as  found  in  arsenic,  mer. 
cury,  and  phosphorus  poisoning.  Further,  the  quantity  of  albumin 
found  in  the  urine  shows  plainly  how  greatly  the  blood  vessels  are 
involved  in  the  inflammation.  The  albuminuria  produced  is  severe  and 
constant,  and  when  the  uranium  is  given  in  a  single  large  dose,  as  in  ex- 
periment No.  IX,  or  in  a  small  dose  by  hypodermic  injection,  as  in  ex- 
periment No.  VIII,  then  albumin  may  appear  in  the  urine  within  24 
hours.  The  uranium  must  have  some  specifically  destructive  action  on 
the  kidney  epithelium  cells,  causing  them  to  swell  and  break  down.  At 
first,  with  small  doses  of  uranium,  the  urine  is  decidedly  increased  in 
Tolnme,  but  later  on,  when  toxic  action  is  more  pronounced,  there  may 
be  a  partial  or  even  complete  suppression  of  the  urine.  This  latter 
condition  is  naturally  more  quickly  produced  by  large  doses  of  ura- 
nium. In  several  cases,  suppression  of  urine  would  seem  to  have  been 
the  cause  of  death.     The  urine,  too,  in  a  short  time  after  the  admin- 

Traxs.  Conn.  Acad.,  Vol.  VIII.  3  Nov.,  1888. 
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istration'of  uranium  coutains  more  or  less  sugar ;  as  a  rule  the  ragtr 
does  not  make  its  appearance  until  after  the  albumin.  Salkowskihas 
shown  that  mercury  will  also  cause  diabetes  in  rabbits,  bat  it  is 
questionable  whether  it  is  as  constant  a  symptom  as  in  uranium  pois- 
oning. It  is  also  stated  that  in  phosphorus  poisoning  the  urine  8om^ 
times  contains  sugar.*  In  the  hypodermic  injection  of  uranium,  ex- 
periment No.  VIII,  sugar  appeared  in  the  rabbit's  urine  within  24 
hours.  The  production  of  glycosuria  is  a  very  characteristic  symptom 
in  uranium  poisoning.  The  urine  also  contains  invariably  a  Urge 
amount  of  crystallized  calcium  oxalate,  which  would  also  point  to  de- 
cided malnutrition  and  help  explain  the  marked  emaciation  so  com- 
monly seen. 

In  those  cases  where  the  poisoning  becomes  in  a  measure  chronic, 
the  nervous  symptoms  sometimes  predominate,  as  shown  in  loss  of 
sight  and  power  of  coordination. 


♦  H.  C.  Wood.     Therapeutics,  p.  110. 


II. — Elastin  and  the  Elastosb  Bodies.     By  R.  H.  Chittenden 
AND  HoBACE  S.  Hart,  B.A.,  Ph.B. 

EiASTiN,  tbe  basis  of  the  so-called  elastic  tissue,  has  generally  been 
considered  one  of  the  most  indigestible  of  the  albuminoid  substances. 
Id  fact,  the  older  writers  looked  on  it  as  almost  insoluble  in  the 
digestive  juices.  Recently,  however,  the  experiments  of  Etzinger,* 
Florbaczewski,!  and  Morochowetz,|  have  shown  that  both  the  ligamen- 
htm  nuchcB  of  the  ox  when  finely  divided,  and  purified  elastin  when 
powdered,  are  fairly  soluble  both  in  pepsin-hydrochloric  acid  and  in 
natural  gastric  juice,  as  Horbaczewski's  observations  on  a  man  with 
stomach  fistula  have  fully  indicated. 

It  has  been  our  object,  therefore,  to  study  somewhat  in  detail  the 
primary  cleavage  products  of  elastin,  so  far  as  they  may  be  formed > 
making  use  of  the  methods§  which  have  yielded  such  fruitful  results 
with  many  of  the  proteid  bodies. 

Preparation  of  Elastin. 

As  usually  described,  elastin  is  a  body  free  from  sulphur,  insolubjie 
in  water  even  after  several  days  boiling,  likewise  in  cold  dilute  alkali 
acetic  acid,  dilute  hydrochloric  acid,  alcohol,  and  ether.  Naturally 
therefore,  the  method  of  preparing  such  an  insoluble  body  has  con 
sisted  in  removing  from  a  tissue  rich  in  elastin,  all  extraneous  sub 
stances  by  successive  treatment  with  the  above-mentioned  reagents. 
In  fact,  so  vigorous  is  the  method  of  treatment,  as  usually  described 
that  it  appears  almost  questionable  whether  a  body  belonging  to  a 
group  noted  for  ease  of  decomposition  might  not  suffer  some  change 
in  such  a  long  process  of  preparation. 

We  have  employed  two  methods,  the  first  one  of  which  is  practi- 
cally identical  with  that  followed  by  Horbaczewski.  The  neck  bands 
of  a  number  of  recently  killed  oxen  were  thoroughly  freed  from  all 
adhering  fat  and  mnscle  and  then  chopped  quite  fine ;  they  weighed 

♦  Zehachrift  fur  Biologie,  Band  x,  p.  84. 

f  Ueber  das  Yerhalten  des  elastins  bei  der  Pepsinverdauung,  Zeitschrift  fUr  phjsiol- 
ogische  chemie,  Band  yi,  p.  330. 

X  Verdaaungsgesetze,  Abstract  In  Jahresbericht  fOr  Thierchemie,  1886,  p.  271. 

g  Kfthne  and  Chittenden,  2^it8chrift  fiir  Biologie,  Band  xx,  xxii ;  also  Studies  from 
Laboratory  of  Physiological  Chem.  Yale  University,  vol.  U. 
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2400  grams.  The  mass  was  boiled  for  four  days  in  water  freqaently 
changed,  after  which  it  was  soaked  for  45  hours  in  8  litres  of  1  per 
cent,  potassium  hydroxide,  and  then  boiled  with  the  solution  for  4 
hours.  The  tissue  was  freed  from  alkali  by  thorough  washing  with 
water,  and  was  then  boiled  with  water,  frequently  changed,  for  16 
hours.  The  potassium  hydroxide  solution  on  neutralization,  gave  a 
heavy  precipitate  slightly  soluble  in  excess  of  0*4  per  cent,  hydro- 
chloric acid,  easily  soluble  in  strong  acid.  The  addition  of  acid  io 
excess  caused  a  strong  odor  of  hydrogen  sulphide  to  be  given  off. 

After  boiling  the  tissue  a  second  time  with  water,  it  was  placed  in  8 
litres  of  10  per  cent,  acetic  acid  and  warmed  for  an  hour  and  a  half, 
after  which  it  was  allowed  to  stand  in  the  cold  for  16  hours.  It  wxi 
then  boiled  for  4  hours  in  the  same  acetic  acid  solution,  and  after- 
wards  washed  thoroughly  with  water.  The  tissue  was  then  placed 
in  10  litres  of  6  per  cent,  hydrochloric  acid  and  allowed  to  soak  for 
some  time  in  the  cold,  after  which  it  was  washed  in  running  water 
and  macerated  in  water,  frequently  changed,  for  24  hours  to  take  oat 
all  traces  of  the  acid.  After  this  treatment,  the  tissue  was  boiled 
with  successive  portions  of  water  for  about  45  hours,  when  it  was( 
placed  in  a  large  volume  of  95  per  cent,  alcohol  and  allowed  to  re- 
main for  several  days.  It  was  afterwards  boiled  in  alcohol  for  about 
16  hours  and  then  placed  in  an  excess  of  ether,  after  which  it  was  ex- 
tracted with  warm  ether  for  two  days. 


Analysis  of  Elastin  A. 


Sub- 
stance 
used, 
gram. 

found, 
gram. 

H 

N  found. 

No. 

CO,         c 
found.       ^ 
gram. 

1  ,p 

Pres- 
sure, 
mm. 

N 

I 

0-4250 

0-2745 

7-17  |o-838l  1  58-77  i  ....  L... 

II 

0-3398 

0-2213 

7-23  iO-6697 

53-74 



.... 



in 

0-5454 

--. . 

1 



72-7 
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771-5    16-47 

IV 

0-4440 



1 



59-8 

9-0 

771-2  ,  16-59 

V 

0-5125 



! 



69-4 

9-4 

767-1    16-59 

VI 

0-2971 

.... 

....  1  

.... 

.... 

.... 

Ash 
found, 
gram. 


AsU 
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Percentage  composition  of  ash-free  substance : 


c 

54-26 

54-22 

H 

7-24 

7-30 

N 

.  .- 



O 

-.-- 

.... 

16-74 


16-76 


16-62 


0-0027    0-9 


ATerage. 

7-^7 
16-70 
ei'79 


100-00 
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The  tissae  on  being  freed  from  water  was  hard,  tough,  and  difficalt 
to  powder.  It  was  finally  ground 'to  a  coarse  powder  and  then  re- 
extracted  with  warm  ether,  until  the  ether  on  evaporation  left  no 
appreciable  residue.  This  took  some  time,  for,  as  previously  pointed 
oat  by  Horbaczewski,  there  apparently  remains  in  the  tissue  a  small 
amount  of  fat-like  matter,  which  dissolves  very  slowly  in  ether  and 
which  can  be  completely  extracted  only  by  first  grinding  the  purified 
tissae  as  fine  as  possible.  The  elastin  prepared  in  this  manner  we 
have  termed  for  convenience  Elastin  A. 

A  portion  of  the  preparation  dried  at  110®  C.  gave  on  analysis  the 
results  contained  in  the  accompanying  table.  The  methods  of 
analysis  were  the  same  as  those  previously  described  in  former 
articles  on  the  proteoses.*  By  fusion  with  potassium  hydroxide  and 
potassium  nitrate,  according  to  the  method  recommended  by  Ham- 
inarsten,f  no  sulphur  could  be  found.  Elastic  tissue,  however, 
QDquestionably  contains  sulphur,  but  whether  it  exists  there  as  a 
constituent  part  of  the  elastin  molecule,  or  loosely  united  as  in  kera- 
tin, or  as  a  constituent  of  some  adhering  proteid  or  other  substance, 
it  is  difficult  to  say.  Certainly,  the  boiling  of  elastic  tissue  with  1 
per  cent,  potassium  hydroxide  for  several  hours  might  reasonably  be 
expected  to  remove  a  part  at  least  of  any  sulphur  which  might  be 
present,  and  if  by  this  process  sulphur  is  removed  from  the  tissue 
might  it  not  as  probably  come  from  the  elastin,  as  from  any  other 
proteid  substance?  Treatment  with  acid,  of  the  alkaline  solution 
obtained  in  the  preparation  of  A^  plainly  showed  the  presence  of 
hydrogen  sulphide  and  we  therefore  decided  in  the  preparation  of  the 
second  portion  of  elastin  to  omit  the  treatment  with  alkali.  Accord- 
mgly,  1700  grams  of  carefully  cleaned  neck  bands  from  oxen  were 
treated  in  the  same  manner  as  in  Ay  except  th^t  the  alkali  was 
omitted,  and  in  its  place,  treatment  of  the  tissue  with  both  acetic  and 
hydrochloric  acid  was  repeated  twice.  In  subjecting  elastin  to  the 
action  of  5  per  cent,  hydrochloric  acid  care  must  be  taken,  before 
boiling  the  washed  tissue  with  water,  to  see  that  every  trace  of  acid 
18  removed,  otherwise  the  faintly  acid  water  formed  will  at  100°  C. 
^ve  rise  to  a  partial  decomposition  of  the  elastin. 

After  thorough  extraction  of  the  powdered  elastin  with  ether,  a 
portion  dried  at  110°  C.  gave  by  analysis  the  results  shown  in  the 
following  table,  Elastin  B. 

•  See  Zeltachrift  fur  Bidogie,  Band  xx,  p.  11,  and  Amer.  Chem.  Jour.,  vol.  vi,  p.  3. 
1 2^itachrift  for  phjsiologische  Chemie,  Band  ix,  p.  298. 
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Analysis  of  Elastin  B. 
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Percentage  composition  of  ash-free  substance : 


c 

54-06 

54-10 

H 

7-15 

7-26 

N 
S 
0 

.... 

.... 

[..- 

V. 

16-96        16-75 


0-84 


Average. 
54-08 

7-SO 
1€'85 

O'SU 
Sl'57 


lOO'OO 


Comparison  of  the  two  products  shows  a  fairly  close  agreement  in 
composition.  In  B^  however,  the  carbon  is  slightly  lower  and  the 
nitrogen  a  trifle  higher  than  in  A.  Further,  Elastin  B  contains  03 
per  cent,  of  sulphur,  as  determined  by  the  modified  Liebig's  process.* 
Mttller  originally  reported  elastin,  purified,  however,  by  the  use  of  an 
alkali,  as  containing  0-08  per  cent,  of  sulphur,  but  this  he  consider(?(i 
merely  as  an  impurity. 

Morochowetz,  who  appears  to  have  made  a  hydration  product  of 
elastin  by  the  simple  action  of  heat  and  water,  states  that  it  contaiIu^ 
0*617  per  cent,  of  sulphur,  but  the  details  of  his  process  we  do  not 
know.f  If  the  figures  are  correct,  his  elastin  must  have  probably  con- 
tained double  the  percentage  of  sulphur  present  in  elastin  B- 
Whether  pure  elastin  does  contain  sulphur,  or  whether  the  0*3  per 
cent,  present  in  preparation  B  is  simply  a  constituent  of  some  adhering 
proteid,  removable  by  alkali,  we  are  not  at  present  prepared  to  ssy, 
but  deem  it  probable  that  elastin  does  contain  a  small  amount  of 
sulphur. 


*  See  studies  from  Laboratory  of  Physiological  Chemistry,  Yale  University,  vol.  it  p 
163. 
f  We  have  seen  only  an  abstract  in  Jahresbericht  fur  Thierchemie  tux  1886,  p.  271. 
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Elastin  A^  prepared  by  the  usual  process,  shows  a  close  agreement 
in  composition  with  Horbaozew ski's  product,  but  is  quite  diiferent 
from  the  product  obtained  by  Mtiller  and  Tilanns,  as  seen  from  the 
following  table. 

Elastin  A.     Horhaczewaki.        Mutter*  Tilanus* 


C        54-24  54-32  550»-55-72  54-90-55-65 

H         7-27  «-99  711-7-67  7-25-7-41 

N        l«-70  16-75  15-71-l«-52  t7-52-17-74 

The  higher  content  of  carbon  in  the  preparations  of  Muller  and 
Tilanus  are  doubtless  due  to  the  presence  of  more  or  less  fat,  not 
completely  extracted  by  ether. 


Decomposition  of  Elastin  by  acid  water  at  100"  C. 

On  heating  moist  elastin  with  water  containing  a  trace  of  hydro- 
chloric acid,  for  some  hours  at  or  near  100°  C.  it  soon  commences  to 
Kwell,  and  after  a  time  becomes  converted  into  a  semi-gelatinous 
mass,  aportionof  which,  as  the  boiling  continues,  becomes  soluble  and 
passes  into  the  acid  fluid.  The  liquid  gives  no  reaction  with  tannic 
acid  for  gelatin,  but  does  give  a  strong  biuret  reaction  and  yields  a 
heavy  turbidity  when  excess  of  strong  potassium  hydroxide  is  added 
to  the  solution.  Evidently,  under  these  conditions,  some  soluble 
cleavage  product  or  products  are  formed,  percipitable  by  excess  of 
caustic  alkali. 

These  products  we  prepared  in  quantity  by  taking  a  portion  of  elas- 
tin A^  soaking  it  for  some  time  in  5  per  cent,  hydrochloric  acid,  until 
ihe  softened  elastin  was  thoroughly  impregnated  with  the  acid,  then 
washing  out  the  excess  of  acid  by  soaking  it  for  20  hours  in  a  large 
volume  of  water.  The  elastin,  still  quite  strongly  acid  to  test  papers, 
was  then  boiled  in  water  for  about  10  hours,  when  the  acid  liquid 
was  strained  off  from  the  gelatinous  elastin.  The  boiling  was  then 
continued  with  a  fresh  volume  of  water,  the  gelatinous  mass  still 
containing  sufficient  acid  to  render  the  whole  fluid  distinctly  acid 
to  test  papers.  This  process  was  repeated  until  the  elastin  had 
been  heated  for  45  hours  with  water  gradually  containing  less 
and  less  acid,  until  finally  the  elastin  remaining  had  entirely  lost 
its  former  gelatinous  appearance  and  taken  on  its  original  look. 
All   of   the  acid  fluids   were    united   and  concentrated  somewhat, 

*  Gonip-Besanez,  Phyaiologische  CJhemie,  Dritte  Auflage,  p.  148 
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then  neutralized  with  sodium  carbonate.  No  neutralization  pre- 
cipitate was  observed.  By  further  evaporation  of  the  ueulrnl  flaW 
on  a  water-bath,  a  gummy  mass  separated  on  the  bottom  of  the 
dish.  It  was  quite  tenacious,  something  like  rubber,  soluble  in  coM 
water,  but  not  so  readily  in  hot.  The  cold  water  solution  of  the 
gummy  mass,  and  the  mother-liquor  showed  the  following  reacliow: 

1 .  Heated  in  a  test-tube,  the  solution  quickly  became  turbid,  giving  finallj. 
if  concentrated,  a  sticky  precipitate.    The  turbidity,  however,  immedatel; 
disappeared  as  the  fluid  cooled,  returning  again  when  heat  wag  appM     ] 
and  disappearing  when  cold.    When  the  solution  was  so  concentrated  as  tu 
yield  a  heavy  precipitate  by  heat,  it  naturally  dissolved  more  slowly. 

2.  With  chloroplatinic  acid,  a  heavy  yellow  precipitate  was  fonned, 
readily  soluble  in  alcohol. 

8.  Heated  with  acetic  acid  there  was  no  change,  but  addition  of  potis- 
slum  ferrocyanide  to  the  acid  fluid  caused  a  heavy  precipitate. 

4.  Millon's  reagent  gave  a  strong  reaction  similar  to  the  albumin  rcActiQiL 

5.  Strong  potassium  hydroxide  gave  a  fine  flocculent  precipitate,  insolnfale 
in  excess  of  the  alkali. 

6.  Pure  dilute  nitric  acid  gave  a  heavy  precipitate,  only  slowly  soliible  in 
excess  of  the  acid.  Heated,  it  yielded  a  clear  yellow  fluid  and  with  ammo- 
nia gave  the  orange  yellow  color  of  the  xanthoprotein  reaction. 

7.  Pure  dilute  hydrochloric  acid  yielded  a  slight  precipitate,  soluble  a 
large  excess. 

8.  Saturation  of  the  solution  with  ammonium  sulphate  gave  a  h«Ty, 
gummy  precipitate. 

The  gummy  mass  and  the  original  filtrate  giving  approximai^T 
the  same  reactions,  the  solution  of  the  former  was  united  with  \ht 
latter,  the  fluid  made  slightly  acid  with  acetic  acid  and  then  rata* 
rated  in  the  cold  with  ammonium  sulphate.  The  saturated  fluid,  on 
being  boiled,  gave  a  second  gummy  precipitate  which  was  added  to 
the  first. 

From  analogy  with  the  reactions  of  the  proteoses,  ammonium  mV 
phate  should  precipitate  any  elastose  bodies  formed,  leaviug  iu  solu- 
tion the  true  peptone.  The  precipitates  formed  in  the  manner  de 
scribed  were  washed  by  being  rubbed  up  in  a  mortar  with  hot  satu- 
rated ammonium  sulphate  solution,  and  the  washings  added  to  tb* 
filtrate.  A  portion  of  the  ammonium  sulphate  was  then  remove^l 
from  the  solution  by  concentration  and  crystallization,  and  the  re 
mainder  by  dialysis  in  running  water.  On  testing  the  solution 
for  peptone,  however,  none  could  be  found ;  the  biuret  test  failed  t^ 
give  any  reaction,  as  did  also  phosphotungstic  acid. 
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Protodastose, 

The  ammoniam  sulphate  precipitate  of  elastoses,  after  being  washed 
as  described  above,  was  dissolved  in  water,  the  solution  made  quite 
neutral  by  addition  of  a  little  sodium  carbonate  and  then  saturated 
with  crystals  of  rock  salt.  A  heavy  gummy  precipitate  resulted, 
which  by  analogy  should  consist  of  what  we  may  call  protoelastose. 

This  precipitate,  after  being  washed  with  saturated  salt  solution, 
was  dissolved  in  water  and  reprecipitated  by  salt,  this  process  being 
repeated  three  times.  The  final  sodium  chloride  precipitate  was  dis- 
solved in  water,  dialyzed  until  all  chlorine  was  removed  from 
the  solution,  concentrated  and  precipitated  with  95  per  cent,  alcohol. 
Apparently,  only  a  portion  of  the  substance  was  precipitated  by 
alcohol,  so  the  alcoholic  filtrate  was  evaporated  and  the  residue  care- 
fully dried.  Further  examination,  however,  showed  that  both  pro- 
ducts were  identical,  alcohol  simply  precipitating  a  portion  of  the 
substance. 

After  being  dried  at  110°  C.  until  of  constant  weight,  having  then 
the  form  of  a  brown  powder,  both  products  were  analyzed  with  the 
results  shown  in  the  accompanying  tables. 

Analysis  op  Peotoelastose  (A1)  Precipitated  by  Alcohol. 


Sub- 

H,0 
found . 
gram. 

H 

% 

COa 

found, 
gram. 

C 

N  fouud.          1 

Ash 
found, 
gram. 

used, 
gram. 

c.  c. 

T. 

Pres-        N 
sure.        ^ 
ram.  ' 

1  0-6852 

0-4271 

6-92 

1-8190 

52-49 

IIj  0-3»26  ,  0-2487 

6-89 

0-7526    52-27 







ID;  0-5400  1    .... 

....  1    ----        

72-9 

18-7  1  759-4 

1618 



IV  0-8883  j    .... 

1   

51-9 

15-4 

762-9 

15-95 



V  0-7048        ... 

1              1 

_--. 





0-0259 

VI^  0-5362 



.... 

.... 

---- 

.... 

.... 

0-0202 

Ash 
% 


8-67 
8-76 


C 
H 
N 
O 
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Analysis  op  Protoelastose  (Al)  from  the  Alcohouc  Filtbaie. 
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The  reactions  of  the  two  preparations  were  identical  and  were  is 
follows;  both  were  readily  soluble  in  cold  water,  but  only  slightly 
soluble  in  hot  water;  in  neutral  solution,  heat  produced  a  torbidit? 
which  disappeared  on  cooling;  the  concentrated  mineral  acids  gaTt 
precipitates  soluble  in  excess ;  phosphotungstic  acid,  picric  acid,  Ub- 
nic  acid,  30  per  cent,  acetic  acid  saturated  with  salt,  acetic  acid  tod 
potassium  ferrocyanide,  and  alcohol  all  produced  precipitates;  mer- 
curic chloride  and  mercuric  nitrate  gave  precipitates  insoluble  in 
excess ;  lead  acetate  and  cupric  sulphate  both  failed  to  gire  sbt 
precipitate ;  potassium  mercuric  iodide  produced  a  precipitate  in  » 
hydrochloric  acid  solution  ;  sodium  carbonate  and  sodium  hydroxide 
gave  heavy  precipitates  and  both  the  biuret  and  xauthoprotein  t«t 
gave  positive  results.  Further,  the  elastose  is  but  slightly,  if  tl  all, 
diffusible.  Long  continued  concentration  of  an  aqueous  solutiw 
leads  to  a  separation  of  more  or  less  of  the  substance  as  a  gammj 
mass. 

In  composition,  the  protoelastose  formed  by  action  of  the  dilate 
acid  and  heat  is  almost  identical  with  that  of  elastin  itself. 

Morochowetz,*  in  a  recent  paper  on  the  laws  of  digestion,  sUte* 
that  elastin  by  the  action  of  heat  and  water  passes  into  a  new  form. 


*Loc.  cit. 
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elaatosc,  which  by  farther  action  passes  into  peptone.  The  elastose 
is  described  as  a  body  completely  soluble  in  water,  not^precipitable 
by  mineral  or  acetic  acids,  but  its  solution  is  rendered  turbid  by  heat. 
In  its  other  reactions  it  resembles  albumin.  In  composition,  how- 
ever, it  differs  decidedly  from  elastin  and  equally  from  our  protoelas- 
tose.  Morochowetz  ascribes  to  it  55*9  per  cent,  carbon,  '7'29  per  cent, 
hydrogen,  16'68  per  cent,  nitrogen  and  0-617  per  cent,  sulphur.  As 
to  the  method  employed  in  its  preparation  and  purification  we  do 
Dot  know,  but  as  described  it  evidently  is  not  akin  to  pure  elastose. 

Devteroelastose. 

In  the  salt-saturated  filtrate  from  the  first  sodium  chloride  precipi- 
tate of  protoelastose,  there  was  present  a  substance  precipitable  as  a 
gummy  mass,  by  the  addition  of  a  little  30  per  cent,  acetic  acid  sat- 
arated  with  salt.  Past  experience  with  other  proteoses  has  nhown 
that,  as  a  rule,  all  of  the  proto  body  is  not  precipitated  by  saturation 
of  its  neutral  solution  with  salt,  but  that  there  usually  remains  a  certain 
amount  which  on  addition  of  salt-saturated  acetic  acid  is  precipitated, 
together  with  more  or  less  of  the  deutero  body,  and  that  from  this 
filtrate  pure  deutero  can  be  separated  by  saturation  with  ammonium 
Ralphate.  In  the  present  instance,  however,  it  appeared  that  the 
acetic  acid  precipitate  was  of  quite  a  different  nature  from  the  sodium 
chloride  precipitate  and  that  if  it  was  not  pure  deuteroelastose,  it  at 
least  contained  only  a  trace  of  the  proto  body.  Further,  saturation 
of  the  acetic  acid  filtrate  with  ammonium  sulphate  gave  only  a  slight 
precipitate,  even  when  the  mixture  was  heated,  showing  that  if  the 
salt-saturated  acetic  acid  had  not  precipitated  the  deuteroelastose, 
little  could  have  been  formed. 

The  gummy  precipitate  separated  by  acetic  acid  and  salt  was 
purified  somewhat  by  solution  in  water,  and  reprecipitation  by  satura- 
tion with  salt  and  addition  of  a  little  salt-saturated  acetic  acid.  It 
was  then  dissolved  in  water,  made  exactly  neutral  to  test  papers,  and 
dialyzed  until  all  chlorine  was  removed  from  the  solution.  The 
filtered  fluid  was  then  evaporated  to  dryness  on  a  water-bath,  and  the 
powdered  residue  dried  at  110°  C.  until  of  constant  weight. 

The  composition  of  the  substance  is  shown  in  the  accompanying 
table,  from  which  it  is  seen  that  the  deutero  body  contains  a  notice- 
ably smaller  percentage  of  carbon  than  protoelastose,  and  a  corres- 
pondingly higher  content  of  oxygen.  The  difference  between  the 
sodium  chloride  precipitate  and  the  acetic  acid  precipitate,  however, 
becomes  far  more  marked  when  the  reactions  of  the  two  bodies  are 
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compared.  Deuteroelastose  was  readily  soluble  both  in  cold  and  hot 
water,  and  on  heating  a  cold  saturated  solution  only  a  slight  tarbi<lity 
was  seen  which,  as  in  the  proto  reaction,  disappeared  when  the  eola- 
tion cooled.  This  tuibidity  was  no  doubt  due  to  the  presence  of  a 
small  amount  of  protoelastose,  for  later  on  we  obtained  a  purer  deo- 
tero  body  having  nearly  all  of  the  reactions  of  the  present  preparation 
in  whichy  however,  the  heat  reaction  was  absent. 

Analysis  of  Deuteroelastose.    A  1. 
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The  deutero  body,  likewise,  gave  no  precipitate  whatever  with 
the  concentrated  mineral  acids,  nor  with  acetic  acid  and  potassiom 
ferrocyanide.  Alcohol  gave  no  precipitate  and  salt-saturated  30  per 
cent,  acetic  acid,  when  added  to  an  aqueous  solution  of  the  substance, 
also  gave  no  precipitate. 

Ferrifc  chloride  gave  a  slight  turbidity,  but  no  precipitate.  With 
the  other  reactions  of  protoelastose,  the  deutero  body  showed  close 
agreement.  Pure  deuteroelastose,  formed  later  on  by  the  action  of 
pepsin -hydrochloric  acid,  gave  no  precipitate  whatever  with  conceih 
trated  potassium  hydroxide.  This  reaction,  which  is  quite  character 
istic  of  protoelastose,  was  fairly  distinct  in  the  deutero  body  first 
described,  which  fact,  coupled  with  the  turbidity  produced  by  beat, 
may  be  considered  good  evidence  that  the  deuteroelastose  was  not 
perfectly  pure. 
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Digestion  of  elastin  by  pepsin-hydrochloric  acid. 

An  artificial  gastric  jnice,  free  from  both  albumose  and  peptone, 
was  prepared  as  follows ;  the  cardiac  portions  from  the  raucous  mem- 
branes of  ten  pigs'  stomachs  (820  grams)  were  placed  in  three  litres 
of  0*4  per  cent,  hydrochloric  acid  and  warmed  at  40°  C.  for  two 
weeks.  The  clear  fluid  filtered  from  the  small  residue  of  nuclei n,  an- 
tialbamid,  etc.,  was  then  saturated  with  ammonium  sulphate  to  pre- 
cipitate the  pepsin.  This  was  filtered  off,  washed  with  saturated 
ammonium  sulphate  solution  to  remove  any  adherent  peptone,  dis- 
solved in  two  litres  of  0*2  per  cent,  hydrochloric  acid  and  dialyzed 
aotil  the  sulphate  was  entirely  removed.  The  resultant  solution 
was  mixed  with  an  equal  volume  of  0*4  per  cent,  hydrochloric  acid, 
making  a  pure  and  active  pepsin-acid  mixture. 

In  the  first  digestion  of  elastin,  160  grams  of  powdered  elastin  A^ 
1500  c.c.  of  the  pepsin-acid  mixture,  and  an  equal  volume  of  0*4  per 
cent  hydrochloric  acid,  were  warmed  at  40°  C.  for  75  hours.  At  the 
end  of  this  time  the  elastin  was  almost  entirely  dissolved.  The  acid 
flaid  was  filtered  from  the  small  residue  remaining,  and  neutralized 
with  potassium  hydroxide,  without  giving  any  neutralization  precipi- 
tate. The  reactions  of  the  fluid  showed  plainly  the  .presence  of  elas- 
toses  similar  to  those  formed  by  the  action  of  acid.  Saturation  of 
the  fluid  with  ammonium  sulphate  gave  a  heavy  gummy  precipitate, 
in  the  filtrate  from  which,  nothing  having  the  reactions  of  peptone 
could  be  discovered. 

Protoelastose, 

The  ammonium  sulphate  precipitate  was  dissolved  in  water  and  the 
neutral  fluid  saturated  with  sodium  chloride,  by  which  a  heavy  gummy 
precipitate  was  formed,  having  all  of  the  reactions  described  as  char- 
acteristic of  protoelastose.  The  product  was  purified  by  several  re- 
precipitations  with  salt,  then  dialyzed  and  the  solution  evaporated  to 
dryness  on  a  water-bath,  the  residue  powdered  and  dried  at  110°  C. 
nntil  of  constant  weight. 

The  composition  of  the  substance  (protoelastose  A  2)  is  shown  in 
the  accompanying  table. 

In  reactions,  the  product  agrees  exactly  with  the  protoelastose 
already  described,  being  precipitated  by  the  concentrated  mineral 
acids,  by  acetic  acid  and  potassium  ferrocyanide,  by  30  per  cent, 
acetic  acid  and  sodium  chloride,  by  strong  potassium  and  sodium 
hydroxide  as  well  as  by  sodium  carbonate.  Its  aqueous  solution, 
likewise,  shows  the  peculiar  action  towards  heat,  already  described ; 
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becoming  turbid  when  heated,  clear  again  as  the  solation  cook  The 
product  also  gives  the  other  reactions  common  to  both  protoand 
deuteroelastose. 

Analysis  of  Pbotoelastosb.    A  2. 
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This  body,  which  we  prefer  to  call  protoelastose,  is  apparently  id«- 
tical  in  composition  and  reactions  with  the  hemielastin  previouslj  de- 
scribed by  Horbaczewski,*  and  separated  by  him  from  a  pepsin-icid 
digestion  of  elastin,  by  a  method  somewhat  similar  to  the  one  em- 
ployed by  us. 

At  first  glance,  it  would  appear  from  Horbaczewski's  method  of 
separation,  that  his  hemielastin  would  consist  of  a  mixture  of  proto- 
and  deuteroelastose,  instead  of  being  identical  with  the  proto  body. 
But  the  fact  that  he  strongly  acidified  his  digestive  mixture  with 
acetic  acid,  prior  to  saturating  it  with  salt,  explains  the  matter. 
Deuteroelastose,  which  is  precipitable  from  a  salt-saturated  solntimi 
by  a  little  acetic  acid,  is  more  or  less  soluble  when  excess  of  the  a<rid 
is  added,  and  hence  by  acidifying  the  mixture  suflSciently,  the  deatero 
might  remain  dissolved  while  the  proto  would  be  precipitated  by 
salt  from  an  acid  solution,  equally  as  well  as  from  a  neutral  fluid. 


*Ueber  das  Verhalten  des  Rlastins  bei  der  Pepsinverdauting. 
physiologische  Chemie,  Band  vi,  p.  330. 


Zeitac^uift  fv 
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Deuteroelastoee. 

Id  the  salt-saturated  filtrates  from  protoelastose,  deutero  was  sepa- 
rated as  a  gummy,  sticky  precipitate  by  addition  of  a  little  30  per 
cent,  salt-saturated  acetic  acid.  It  was  purified  by  reprecipitation 
and  dialysis,  and  the  final  neutral  solution  was  evaporated  to  dryness 
and  the  residue  dried  at  110^  C.  until  of  constant  weight.  The 
amount  was  small  and  only  the  nitrogen  was  determined,  16 '8 8  per 
cent. 

In  reactions,  the  body  closely  resembled  the  deatero  already  de- 
scribed ;  its  aqueous  solution  giving  no  precipitate  or  turbidity  what- 
eyer  on  the  application  of  heat,  no  precipitate  with  alcohol,  or  with 
strong  potassium  hydroxide  solution.  It  was  likewise  not  precipi- 
tated by  acetic  acid  and  potassium  ferrocyanide,  by  the  concentrated 
or  dilate  mineral  acids,  nor  by  30  per  cent,  acetic  acid.  In  reactions, 
the  body  resembles  the  elastin  peptone  of  Horbaczewski,  like  it  being 
solable  in  cold  and  warm  water  and  dilute  alcohol,  and  giving  the 
same  precipitations  with  phosphotungstic  acid,  picric  acid,  tannic 
acid,  and  with  potassium  mercuric  iodide.  It  also  gives  the  biuret 
and  xanthoprotein  reaction.     It  difiases  slowly. 

With  our  present  knowledge  regarding  peptones  and  proteoses, 
this  body  can  hardly  be  considered  as  belonging  to  the  former  class, 
since  it  is  precipitable  both  by  ammonium  sulphate,  and  by  acetic 
acid  when  added  to  a  salt-saturated  solution ;  reactions  not  common 
to  true  peptones. 

A  second  digestion  of  elastin  A  was  made  with  the  same  quantities 
of  pepsin-hydrochloric  acid,  and  the  same  amount  of  powdered  elastin, 
as  in  the  first  digestion.  The  products  formed  were  separated  in  the 
same  manner  as  the  preceding,  the  elastoses  being  first  precipitated 
collectively  by  saturation  of  the  digestive  fluid  with  ammonium  sul- 
phate. 

On  boiling  the  filtrate  from  this  ammonium  sulphate  precipitate,  a 
second  gummy  mass  separated.  This  was  collected  on  a  cloth  filter 
and  washed  with  saturated  ammonium  sulphate  solution.  In  the  fil- 
trate from  this  precipitate,  no  peptone  could  be  detected.  This 
second  ammonium  sulphate  precipitate  was  purified  by  dialysis,  etc., 
and  the  final  solution  evaporated  to  dryness  and  the  substance  dried 
at  110°  C.  Its  composition  is  shown  in  the  accompanying  table, 
from  which  it  is  seen  to  be  nearly  identical  with  that  of  protoelastose. 
The  reactions,  however,  indicate  that  it  is  a  mixture  of  the  two  elas- 
toses. Thus,  while  the  concentrated  mineral  acids  and  potassium 
hydroxide  give  no  precipitate,  acetic  acid  and  potassium  ferrocyanide 
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produce  a  noticeable  turbidity,  as  does  also  alcohol,  and  acetic  uid 
and  sodium  chloride.  Moreover,  the  aqueous  solution  becomes  some- 
what clouded  on  heating,  clearing  up  again  as  the  solution  oook 
Hence,  the  reactions  would  indicate  a  preponderance  of  deuteroelu- 
tose,  while  the  composition  points  to  an  excess  of  the  prolo  body 

Analysis  op  the  Second  Ammonium  Sulphate  PRECiprTATE. 
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We  must  conclude,  then,  that  this  second  gummy  precipitate  is  sio 
ply  a  residue  of  the  mixed  elastoses  not  at  first  precipitated,  perhaj-^ 
from  a  lack  of  complete  saturation  with  ammonium  sulphate.  Past 
experience,  however,  has  shown  that  deuteroproteose  is  not  as  quickly 
or  completely  precipitated  with  ammonium  sulphate  as  the  other 
proteoses. 

From  the  first  ammonium  sulphate  precipitate,  a  large  amount  of 
protoelastose  (A  3)  was  separated,  having  all  of  the  reactions  chanr- 
teristic  of  this  body,  and  the  composition,  when  dried  at  I  lo"  t\. 
shown  in  the  accompanying  table. 

A  larger  amount  of  deuteroelastose  was  separated  from  this  digt*- 
tion  than  in  the  preceding  one,  and  after  purification  by  the  use  ot 
methods  already  described,  a  portion  was  dried  at  110"  C.  for  analy- 
sis. Its  composition  is  shown  in  the  accompanying  table.  Like  the 
deuteroelastose  formed  by  dilute  hydrochloric  acid,  it  contains  a 
lower  percentage  of  carbon  than  elastin  or  the  proto  body,  while  it# 
content  of  nitrogen  is  higher  than  that  of  elastin.  Its  reactions  verr 
the  same  as  the  deutero  previously  obtained. 
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Deateroelastose  appears  to  be  the  same  as  the  elastiD  peptone  of 
Horbaczewski,  as  already  mentioned;  and  the  composition  of  the 
present  product  resembles  it,  in  that  it  contains  a  similar  percentage 
of  carboDy  but  is  unlike  it  in  containing  one  per  cent,  more  nitrogen. 

Analysis  op  Protoklastosk.    A  3. 
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I  0-5067 

n  0-6021 

nil  0-4550 

TV]  0-6886 

V  0-8570 

Vll  0-6688  I 

Vllj  0-7748 


0-3125 
0-3752 


ff 


6-85 
6-92 


CO, 
found, 
gram. 


N  foimd. 


C. 


0-2705    6-60 


0-9681 
1-1587 
0-8685 


52-10 
52-47 
52-05 


96-8 
51-4 


,  ... 

18-8  ;  759-4 
22-4  '  754-0 


* 
Ash 

Pres- 

N 

found 

Anh 

sure 

% 

gram. 

% 

mm. 

.... 

.... 

! 

... 





'   ---- 

... 

16-70 
16-58 


I 


00201 1 8-02 
00247 1 2-91 


Percentage  composition  of  ash-free  substance. 

Average. 

C         68-68        54-07        58*68  53'79 

H  7-06         7-13         6-60         6*99 

N  17-21        17-31        17-26 

O  21-96 
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Horbaczewski'it  elsfitin  peptont?  i«  dc'&cribed  as  not  giving  a  pwipi^ 
tate  with  acetic  acid  and  ncatral  salt.  Detiteroela»to6e^  Whwm^ 
gives  no  prt?ciphate  with  acetic  acid  and  salt,  except  when  the  Mic- 
tion is  saturated  or  nearly  saturated  with  ibe  salk 

Another  preparation  of  deuteroelastoBe  waa  sop&raied  tvm  i 
pepsin-hytlrochloric  acid  digestion  of  clat^tin  B.  Its  chemical  cot 
position  18  shown  in  the  accompanying  table,  from  which  it  uistfioi 
to  differ  somewhat  from  deutero  A,  but  like  It  has  a  lower  content yl 
carbon  than  the  proto  body. 


No. 


I 

II 

III 

IV 

V 

VI 


ANAI^TSIS  of  DEUTEROKUkSTOSE  B, 


Sub-  '  F{,0 
stance     fuutiiL 

used.  gr«m. 
gram. 


Jl 
% 


CO, 

foutit]. 
gram. 


C 
% 


0-5919  U^S560  6-(J«  VmU 
0-4201  O-aSTt  ft'SO  I  0  77M 
0-4862  1    .,-,    |.,..      ,.,. 

0-4719'      ,  ,    .-, 

0-7960      ..-.      .___      ,__ 
0-5882      ..,-    I  ....  ^    .-. 


Go-eo 


N  fminii. 


Pres- 
aure 
mm. 


049 

60-0 


14  0    756-8 
32-4    7542 


%     I  gram,    i 


I 


1501 
16*11 


/¥r(?eMffff/t' 

fomiio^Hx 

Vm  t^/  ttHh'frce  ttabstanct'* 

AveT^fK'. 

c 

58*01 

53'!3l 

. ..*              .... 

ss-n 

H 

7*08 

7-14 

____              

7W 

N 

-  _ , . 

^--, 

16'8l            lH-9<t 

/h'-ifj 

0 

^--- 

. 

;*f^ 

iGOVtf 


Dif/e^tion  of  daslm  irith  pwtcrtatic  julct^ 

A  stroniij  solution  of  pare  trypsin  wos  prepared,  acconims;  w» 
Kfthne's  method,*  from  luo  grams  of  dried  ox  pancreas  and  added  if 
150  grams  of  powdered  elastin  B  in  2  litres  of  0*5  per  cent,  sodinm 
carbonate.  The  mixture  was  warmed  at  40°  C.  for  four  or  five  d»rs 
a  little  thymol  being  added  to  prevent  putrefaction.  At  the  end  o( 
this  time,  the  elastin  was  nearly  all  dissolved  and  the  filtered  floid 
on  being  tested  gave  the  ordinary  elastose  reactions.  On  sataraliiwi 
of  a  portion  of  the  neutralized  fluid  with  ammonium  sulphate,  a 
heavy  gummy  precipitate  was  obtained,  and  in  the  filtrate  no  tract 
of  peptone  reaction  could  be  found. 


( 


♦  Kiihoe  and  Chittenden,  Zeitnchrift  far  Biologie,  Band  lix,  p.  196. 


Chittenden  and  Sart^Bktstin  and  the  Elastose  Bodies,       36 


The  entire  digestive  floid  was  therefore  neutralized  with  dilute 
hydrochloric  acid  (no  neutralization  precipitate),  and  the  protoelas- 
to?c  at  once  separated  by  saturation  with  sodium  chloride.  The 
prodact  was  purified  by  repeated  precipitation  with  salt,  and  after 
dialysis,  the  resultant  flnid  was  evaporated  to  dryness  and  the 
residue  dried  at  110^  C.  for  analysis.  The  product  contained  con- 
siderable ash  (7*4  per  cent.),  consisting  mainly  of  calcium  phosphate 
and  sulphate,  with  some  oxide  of  iron.  Its  composition,  seen  in  the 
aecompanying  table,  is  Aomewhat  different  from  the  protoelastose 
formed  by  pepsin-hydrochloric  acid,  containing  as  it  does  a  notice- 
ably lower  percentage  of  carbon.  In  its  reactions,  however,  it 
resembles  closely  the  preceding  preparations.  It  is  readily  soluble 
in  edd  water  and  the  solution  when  heated  gives  the  characteristic 
turbidity,  which  disappears  as  the  solution  cools.  With  acetic  acid 
and  potassium  ferrocyanide,  it  gives  the  usual  precipitate  and  also 
with  the  concentrated  mineral  acids,  the  latter  dissolving  in  an 
excess  of  the  acid.  Unlike  the  protoelastose  previously  described, 
however,  it  gives  with  cupric  sulphate  a  precipitate  soluble  in  excess 
of  the  copper  salt,  and  with  sodium  hydroxide  no  precipitate.  In 
all  other  respects,  its  reactions  resemble  those  of  the  proto  body 
formed  in  pepsin  digestion. 

ANALYSIS  OF  THE  SODIUM  CHLORIDE  PREdPrTATB— TRYPSIN  DIGESTION  OP  B, 


t                1 

1 

N  found.          1 

Sub-   .     H,0 

CO, 

Ash 

No.   stance     found. 

H    ,  found. 

C 

1 
T. 

C.C.       o(. 

Pres-        N 

found. 

Ash 

used. 

g^m. 

%     '  firram. 

% 

sure        % 

gram. 

% 

gnm. 

1 

mm. 

I  0*4455 

0-2685  ;  6-57    0-8045 

49-24 

..-.!.... 

.... 

.... 

... 

n  0-4650 

0-2696 

6-44  0-8860 

49-08 



.... 

.... 

-  -  - . 

... 

ni  0-8756 

.... 





.... 

49-7 

160 

765^4    15-77 

.... 



IV  0«754 









87-8 

15-1 

765-4    15-49 

.... 

-  _ . 

V  0-5478 















0-0480 

7*41 

VI  0-8386 

.... 

.... 

.... 

.... 

1 

00610 

7-86 

Percentage  composition  of  ash-free  substance. 


C 
H 
N 
O 


58-15 
7-09 


52-95 
6-95 


17-02 


16-74 


Average. 

63-06 

7'Ot 

16-88 

gS'Q6 


100-00 


In  the  salt-satarated  filtrate  from   protoelastose,  the  addition  of 
a  little  30  per  cent  acetic  acid  saturated  with  salt  gave  a  second 
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gummy  ]>recipitate  which  was  dissolved  io  water,  the  soUtion  fien 
tralized  and  dialyzed  antil  all  ohlonne  was  removetl.  Theftolntkni 
on  evaporation,  left  a  brownish  rmdiie,  which  wa^i  powdemi  in4 
dried  at  llO''  C  It  was  i-eadily  soluble  in  rold  and  hot  witer,  ib 
solution  showing  no  turbidity  whatever  when  heated.  It  liWis^ 
gave  no  precipitate  with  alcohol.  Unlike  the  ordinary  deutem 
elaetose,  it  did  give  noticeable  precipitates  with  the  mineral  mk, 
soluble  in  excess,  and  also  with  acetic  acid  and  potassiam  ferro- 
cyanide.  Lead  acetate  and  cupric  sulphate  also  gave  precipitates, 
soluble  in  excess  of  the  metallic  salt.  Sodium  or  potassium  hydm 
ide  failed  to  give  any  precipitate.  In  composition  too,  the  product 
showed  an  approach  to  protoelastose  formed  by  pepsin  dige»tioo, 
but  unfortunately  it  contained  over  6  per  cent,  of  ash,  and  hence  the 
quantitative  results  may  perhaps  be  questionable. 


Analysis  of  the   precipitate  produced  by  Salt-saturated  Acsni 
Acid— Trypsin  Digestion  op  B. 


Sub- 

HaO 

No. 

stance 

found. 

used. 

gram. 

gram. 

I 

0-4120 

0-2466 

II 

0-8625 

0-2185 

ni 

0-8421 

IV 

0-8436 

V 

0-6978 

- .-. 

VI 

0-5668 

.... 

H 
% 


COa 

found, 
gram. 


I  6-65  I  0-7780 
,6-69    0-6899 


C 

% 


51-49 
51-89 


N  found. 


T. 


45-6 

45-8 


14-7 
19-4 


Pres- 
sure 
mm. 


756-5 
754-8 


N 
% 


15-81 
15-52 


found.  Ait 
gram.     I 


Precentage  composition  of  ash-free  substance. 

Average. 

c 

54-46            54-a5                                 ....             54'66 

H 

7-01              7-07             ....              ....               7-04 

N 

16-71            16-40             16'5S 

O 

ei'76 

lOO'OO 

Of  anything  corresponding  to  heteroalbumose,  we  have  found  no 
trace.  Further,  under  the  conditions  of  our  experiments,  no  appre- 
ciable amount  of  true  peptone  was  formed  in  any  of  the  digestions; 
at  least,  nothing  approaching  a  peptone  in  reactions  was  t^  be  foiiDd 
in  any  of  the  digestive  fluids,  after  saturation  with  aramoninm  sal- 
phate.     We  propose,  later,  to  attempt  a  study  of  the  elastin  peploof. 
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using  for  this  purpose  the  elastoses  just  described  as  well  aselistin 
itself,  and  more  vigorous  digestive  fluids,  both  peptic  and  trjptic. 

In  conclusion,  then,  we  may  say  that  elastin  by  the  action  of  Terr 
dilute  acid  at  100°.  C,  and  by  the  proteolytic  action  of  pepsin 
hydrochloric  acid,  and  of  trypsin  yields  two  primary  cleav^p 
ducts,  which  bear  essentially^ the  same  relation  to  elastin  that  proto- 
and  deutcroalbumose  do  to  albumin.  Further,  that  protoelasto6e  h 
practically  identical  in  reactions  and  composition  with  Horbaciev- 
ski^s  hemi elastin. 

The  close  relationship  in  composition  of  all  the  bodies  analyzed  if 
shown  in  the  accompanying  table.  In  considering  these  resalt«,  hot- 
ever,  it  is  well  to  remember  that  the  pancreatic  preparations  conUin 
an  over  large  amount  of  ash,  and  hence  the  figures  may  not  be 
altogether  trustworthy. 


III.— The   Influence   of   TJrkthan,  Paraldehyde,  Antipyrin, 

AND   AnTIFEBRIN    ON   PBOTEID     METABOLISif.        By     R.    H.    ChIT- 

TENDBN. 

I.  The  infiuence  of  urethan ; — from  experiments  made  by  N,  P.  Washburriy 

Ph.B, 

Etbyl-arethan,  CO(NH,)O.C,H^,  which  has  recently  come  into 
ase  as  a  hypnotic,  is  claimed  by  R.  v.  Jaksch'*'  to  be  a  sleep-produc- 
ing agent,  free  from  the  usual  disagreeable  after  effects  common  to 
most  hypnotics.  According  to  this  observer,  urethan  does  not  ap- 
pear to  exert  any  poisonous  action  on  the  heart,  nor  to  have  any 
depressing  influence  on  the  arterial  system.  It  is  further  assumed 
that  the  drug  is  without  influence  on  digestion.  Urethan  acts 
mainly  on  the  brain,  the  peripheral  nervous  system  being  unaffected, 
and  according  to  v.  Jaksch  the  hypnotic  effect  is  always  produced 
when  the  drug  is  taken  in  doses  of  1  gram. 

Smaller  doses  (0*25-0'5  gram)  are  uncertain  in  their  action. 

Id  view  of  the  somewhat  peculiar  action  of  urethan  as  a  hypnotic, 
we  have  undertaken  to  study  the  influence  of  the  drug  on  the  proteid 
metabolism  of  the  healthy  organism,  in  order  to  compare  its  action 
in  this  respect  with  that  of  other  well  known  hypnotics. 

Gamier,!  alone,  appears  to  have  experimented  in  this  direction. 
Be  states  that,  in  the  case  of  a  man,  a  dose  of  6  grams  of  urethan  was 
followed  by  giddiness,  etc.,  which  condition,  however,  soon  passed 
away.  In  this  experiment,  the  excretion  of  urea  was  appreciably  in- 
creased. In  another  experiment,  the  same  observer  found  that  a 
dose  of  2  grams  of  urethan  was  also  followed  by  an  increased  excre- 
tion of  urea,  in  the  case  of  a  dog  in  a  condition  of  hunger.  A  portion 
of  the  urethan  was  apparently  converted  into  urea  and  excreted  as 
sQch,  but  the  greater  part  of  the  drug  appeared  in  the  urine  unchanged. 
Gamier  further  states  that  large,  nearly  fatal  doses,  of  the  drug  check 

•  Abgtract  in  Jahresbericht  fiir  Thierchemie,  1885,  p.  70. 

f  Influence  de  TurethaDc  sur  rexcretioD  des  ^l^ments  azotes  de  rurioo.  Oompt. 
rend,  IOC  Biolog.  1886,  p.  230. 
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metabolism,  diminishing  the  qaantity  of  urine  excreted,  as  well  as  th^ 
amount  of  urea,  uric  acid,  etc. 

The  experiments  about  to  be  described  were  conducted  wholly  upon 
the  person  of  a  healthy  man  of  66  kilos,  body  weight.  A  definite 
amount  of  food,  of  known  composition,  was  taken  daily  and  ooifonn 
habits  of  sleep,  exercise,  etc.,  were  kept  up  during  the  whole  time  of 
the  experiment,  which  extended  over  a  period  of  six  weeks.  In  this 
manner,  body  equilibrium  was  established  and  the  daily  eicreUoos 
brought  to  a  constancy  of  composition,  as  preliminary  to  studying 
the  action  of  the  drug.     The  daily  diet  was  as  follows : 


812  grams  fresh  beef,  free  from  fat  and  tendons. 

868      " 

potatoes. 

227      ** 

wheat  bread. 

149      " 

boiled  rice. 

85      " 

butter. 

2b     " 

sugar. 

6      ** 

salt. 

1200      ** 

water. 

The  body-weight  was  ascertained  each  morning,  and  the  24  hoars' 
urine  collected  and  analyzed  each  day  as  follows  :  nitrogen  was  de 
termined  by  the  Kjeldahl  method  ;*  sulphur  by  fusing  a  given  vol- 
ume of  the  urine  with  pure  potassium  hydroxide  and  potassium  nitrate 
in  a  silver  crucible,  and  ultimately  precipitating  and  weighing  lb« 
sulphur  as  barium  sulphate  ;t  phosphorus  by  fusion  of  a  portion  ot 
the  urine  in  a  like  manner  with  potassium  hydroxide  and  nitraU, 
precipitation  of  the  phosphoric  acid  from  a  nitric  acid  solution  bv 
molybdic  solution,  solution  of  this  precipitate  in  ammonia  and  Rfre 
cipitation  with  magnesia  mixture,  as  ammoniomagnesium  phosphate; 
chlorine  by  ignition  with  potassium  nitrate,  and  titration  of  the  pre- 
pared solution  with  a  standard  solution  of  silver  nitrate. 

On  April  19tb,  analysis  of  the  urine  was  commenced  and  con- 
tinued for  fourteen  days  before  the  first  dose  of  urethan  was  idmitr 
istered.  The  drug  was  then  taken  for  five  consecutive  days,  %  toui 
of  73  grains  or  4*73  grams,  after  which  the  urethan  was  discontinned 
for  seven  days.     A  second  trial  was  then  made  by  giving  89  grains 


*  Neue  metbode  zur  Bestimmung  des  Stickstoffs  in  organischen  Kdrpern.  Ze^v- 
schrift  fiir  Analytische  Chemie,  xxii,  366. 

f  B'or  the  details  of  the  processes  used,  soe  Studies  from  Laboratory  of  Physkrfogo 
Chemistry,  Yale  University,  vol.  ii,  p.  88. 
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or  5*76  grams  of  arethan  in  three  consecutive  days,  followed  by  a 
period  of  six  days  in  which  the  drag  was  not  taken. 

The  tables,  giving  the  amoants  in  grams  for  the  24  hours'  urine 
of  the  several  elements  determined,  show  plainly  that  urethan  has  a 
decided  action  on  the  metabolism  of  the  body, 

Od  examining  the  results  in  detail,  it  is  to  be  seen  that  urethan 
basavery  decided  diuretic  action,  most  noticeable  on  the  second  day  the 
drog  was  taken.  In  fact,  this  may  be  called  the  initial  action  of  the 
drug,  since  in  both  trials  the  amount  of  water  excreted,  after  the  first 
increase,  rapidly  diminished  as  the  dose  of  urethan  was  increased,  and 
indeed,  the  volume  remained  far  below  the  average  amount  for  two 
or  three  days  after  the  drug  had  been  discontinued,  or  until  its  elimi- 
nation from  the  system  was  fairly  complete,  when  the  volume  of 
Md  quickly  rose  to  normal. 

T%e  excretion  of  nitrogen  is  at  once  affected  by  urethan,  even  a 
dose  of  five  or  ten  grains  bringing  the  nitrogen  noticeably  below  the 
normal  amount.  In  both  series,  the  excretion  of  nitrogen  was  greatly 
diminished.  On  discontinuing  the  drug,  the  nitrogen  excreted  rapidly 
increased  in  amount,  and  on  the  third  or  fourth  day  after  its  discon- 
tinuance, the  daily  excretion  of  nitrogen  passed  considerably  above 
the  normal. 

As  regards  the  excretion  of  phosphorus,  it  would  appear  from  the 
experiments  that  the  administration  of  small  doses  of  urethan  gives 
rise  to  an  increased  excretion  of  this  element,  as  seen  from  the  results 
obtained  on  May  6-9th.  With  larger  doses  of  the  drug,  however, 
the  excretion  of  phosphorus  is  diminished,  as  seen  from  the  results  of 
May  17-1 9th.  As  the  excretion  of  sulphur  runs  parallel  with  the 
excretion  of  nitrogen,  both  coming  from  the  metabolism  of  proteid 
matter,  it  follows  that  urethan  when  taken  in  small  quantities 
must  exert  an  inhibitory  influence  on  proteid  metabolism,  while  it 
stimulates  the  decomposition  of  certain  phosphorized  matters.  In 
larger  doses,  the  inhibitory  action  of  the  drug  on  proteid  metabolism 
is  still  more  pronounced,  while  at  the  same  time  the  excretion  of 
phosphorus  is  also  retarded. 
In  no  case  was  any  hypnotic  action  noticeable. 
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n.  The  influence  of  Paraldehyde  ;•— f  rom  experiments  made  by  J.  E,  Do^ 

dorff,  Ph,B, 

In  the  following  experiment,  a  full-blooded  coach  dog  of  25  kfloa. 
weight  was  employed.  The  animal  was  confined  in  a  suitable  cage, 
lined  with  galvanized  iron  and  furnished  with  a  bottom  of  wire  net- 
tingy  under  which  was  a  funnel-shaped  tray,  the  whole  so  arranged  it 
to  allow  all  of  the  fluid  excreta  to  pass  into  a  collecting  bottle  under- 
neath. 

The  animal  was  fed  daily  on  a  weighed  diet  consisting  of  dessicated 
beef,  soda  crackers  and  water.  The  beef  was  prepared  by  remoTing 
as  thoroughly  as  possible  all  fat,  fasciae,  tendons,  etc,  passing  it 
through  a  sausage  cutter  and  then  drying  it  at  a  temperature  bebw 
60**  C,  until  it  had  lost  76  per  cent,  of  its  weight.  The  dried  and 
sampled  beef  was  then  preserved  in  tightly  stoppered  jars  until 
needed.  The  crackers  were  ordinary  soda  crackers,  containing  aboot 
0*7  per  cent,  of  nitrogen.  The  daily  rations  consisted  of  60  grains  of 
crackers  and  125  grams  of  the  dessicated  beef,  soaked  in  600  ccof 
water.  This  diet  was  commenced  sometime  before  the  urine  wu 
collected,  and  was  continued  throughout  the  experiment  UUi- 
mately,  the  24  houi-s'  urine  was  analyzed  each  day,  according  to  tbe 
methods  described  in  the  preceding  experiment.  Owing  to  irregolir- 
ity  of  urination,  and  the  difficulty  of  using  a  catheter,  the  qaaoUly 
of  urine  obtained  each  day  was  necessarily  quite  variable,  beoee 
the  composition  of  the  normal  urine  was  determined  dailj  for 
three  weeks,  so  that  a  sufficiently  large  number  of  results  migiit 
be  obtained  to  yield  an  accurate  average  for  the  normal  peiiod. 
Paraldehyde  was  then  administered  in  gelatin  capsules,  aboot  six 
hours  after  the  dog  had  been  fed,  so  that  the  drug  might  not  inte^ 
fere  with  digestion.  Its  administration  was  continued  for  eightece 
days. 

The  results,  expressed  in  grams  for  each  24  hours'  urine,  are  shown 
in  the  accompanying  tables* 
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Normal  Urine.    Without  Paraldehyde. 


Date. 

Total 
Volume. 

Sp.  Gr. 

Reaction. 

Nitrogen. 

Sulphur. 

Phosphorus. 

Amount  of 
Paraldehyde. 

April 
21 

c.  c. 
895 

1036 

acid. 

grains 
12-540 

grams 
0-883 

grams 
0-862 

0 

22 

840 

1025 

19-315 

1-529 

■     1-288 

28 

660 

1031 

18-276 

1176 

1-442 

24 

490 

1085 

14-622 

1-038 

1096 

25 

610 

1036 

21-050 

1-388 

1-340 

26 

410 

1036 

18-568 





27 

550 

1037 

18-650 

1-396 

1-202 

28 

415 

1036 

13-580 

1-822 

0-730 

29 

420 

1087 

14-916 

0-940 

0-934 

80 

630 

1038 

18-071 

1-394 

1-386 

May 

1 

490 

1040 

18-415 

1-172 

1.214 

2 

890 

1038 

12-896 

0-826 

0-806 

8 

680 

1038 

23-425 

1-499 

1-410 

4 

525 

1036 

17-244 

1-285 

1-098 

5 

430 

1085 

13-849 

1-188 

0-862 

6 

875 

1035 

11-672 

0-810 

0-784 

7 

740 

1032 

23-191 

1-648 

1-588 

8 

465 

1031 

13-682 

1-085 

0-898 

9 

545 

1082 

16-239 

1-340 

1-166 

10 

635 

1032 

15-756 

1-119 

1-134 

11 

495 

1082 

14-406 

1-145 

0-904 

Av'age 

526 

1035 

acid. 

16-440 

1-204 

1-105 
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With  Pabaldehtdb  (CaH*©),. 


Date. 

Tolal 
Volume. 

c.  c. 

Sp.  Gr. 

Reaction. 

Nitrogen. 

Sulphur. 

Phosphorus. 

AmoQDtaf 
Parildebyie 

1 

May 

grams 

gramft 

12 

540 

1081 

acid. 

15082 

1*846 

1*044 

0-494 

18 

... 

Urine 

lost. 





0*740 

14 

540 

1028 

acid. 

18*624 

1*000 

0-776 

0*715 

15 

810 

1024 

6*689 

0*587 

0*442 

0-794 

16 

810 

1027 

20191 

1*698 

1*889 

0*7» 

17 

460 

1081 

12*798 

0*874 

0*982 

0*784 

18 

690 

1088 

21*091 

1*444 

1*296 

0*7© 

19 

525 

1088 

16*868 

1-214 

1*106 

1*071 

20 

505 

1082 

14*528 

1016 

0-978 

vm 

21 

785 

1029 

20*844 

1-475 

1-292 

1-499 

22 

545 

1081 

16*756 

1*122 

0-462 

1-811 

28 

555 

1081 

17068 

1195 

1*620 

i-m 

24 

580 

1082 

18*202 

1*245 

1080 

J^5 

25 

860 

1080 

9*985 

0-784 

0*590 

nil 

26 

800 

1088 

25-695 

1-924 

1-476 

%^m 

27 

460 

1080 

12*992 

0-985 

0-766 

4*068 

28 

585 

1088 

19174 

1*868 

0*990 

4*968 

29 

695 

1082 

21-756 

1*891 

1*842 

5-941 

Av'age 

570 

1080 

acid. 

16*060 

1*208 

1*031 

87*479 
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WrrHOUT  Pabaldehyde. 


Date. 

Total 
Volume. 

Sp.  Gr. 

Reaction. 

Nitrogen. 

Sulphur. 

PhosphoruB. 

Amount  of 
Paraldehyde. 

May 
80 

c.  c. 
010 

1028 

acid. 

17-672 

grams 
1-809 

grams 
0-992 

0 

81 

570 

1081 

(( 

17-080 

1-811 

1164 

June 

1 

440 

1028 

(< 

12-201 

0-765 

0-780 

8 

•45 

1031 

(( 

19-560 

1-876 

1-299 

8 

040 

1080 

<i 

17-798 

1-287 

1-608 

4 

445 

1026 

acid. 

11-112 

0-979 

.... 

Av'age 

558 

1029 

15-902 

1-168 

1-166 

Throoghout  the  experiment,  the  dog  appeared  perfectly  well,  and 
at  DO  time  showed  any  symptoms  of  nausea.  Neither  was  there  any 
special  hypnotic  action  noticeable. 

The  average  of  the  results  shows  plainly  that  the  drug  has  little, 
if  any,  action  on  proteid  metabolism.  Under  the  influence  of  the 
paraldehyde  there  was  a  slight  increase  in  the  amount  of  water 
excreted.  Bokai  *  has  stated  that  the  urinary  secretion  is  slightly 
iocreased  by  paraldehyde.  In  our  experiment,  however,  the  diuretic 
action  is  not  great.  As  regards  the  excretion  of  nitrogen,  there  is  a 
sh'ght  diminution  to  be  seen  in  the  paraldehyde  period.  There  is 
also  a  corresponding  decrease  in  the  excretion  of  phosphorus.  The 
three  periods,  however,  show  such  close  agreement  in  results,  it  is 
obvious  that,  under  the  conditions  of  this  experiment,  paraldehyde 
has  not  exerted  any  special  influence  on  proteid  metabolism. 

According  to  the  -experiments  of  Quinquad  and  A.  H6nocque,t 
paraldehyde  causes  a  diminution  of  body  temperature,  and  at  the 
same  time  a  very  noticeable  falling  off  in  the  excretion  of  carbonic 
acid ;  thus,  according  to  one  of  Qninquad's  experiments,  a  dog  after 
receiving  by  hypodermic  injection  8  c.  c.  of  paraldehyde  gave  off  5*5 
grams  of  carbonic  acid,  while  it  expired  during  the  same  time,  three- 
fourths  of  an  hour  after  the  injection,  only  1*96  grams  of  carbonic 
acid. 

*  Uebor  die  physiologiache  Wirkung  des  Paraldehyds.  Centralblatt  fQr  die  medidn- 
ische  Wissenachaften.     1887,  p.  412. 
f  Abstract  in  Jahresbericht  fur  Thierchemie.     1884,  p.  374. 
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ni.  Influence  of  Antipyrin ; — from  experiments  made  by  H,  F.  Adawu, 

Ph,B, 

Previous  experiments*  with  antipyrin,  made  in  this  laboratory, 
have  shown  that  this  drug,  when  introduced  into  the  stomach  of 
healthy  rabbits,  has  little,  if  any,  noticeable  influence  on  the  excre- 
tion of  carbonic  acid  or  on  the  body  temperature,  except  io  the 
case  of  toxic  doses.  Coppola,f  likewise,  found  that  the  subcu- 
taneous introduction  of  0*1  to  0*3  gram  of  antipyrin  in  the  case  of 
dogs  led  to  a  reduction  of  body  temperature  of  only  0*25  to  0-6  of  a 
degree,  while  0-3-0-4  gram  of  the  drug  was  without  any  noticeable 
influence  upon  the  excretion  of  urea.  In  fever  patients,  F.  Mtlller,J 
however,  had  previously  noticed  a  diminution  in  the  excretion  of 
nitrogen  under  the  influence  of  antipyrin,  while  in  the  case  of  healtby 
men  the  excretion  was  afifected  but  very  slightly,  if  at  alL  Jaeabo- 
witsch,§  likewise,  had  noticed  in  experiments  on  healthy  and  fever^ 
children  that  the  use  of  antipyrin  led  to  a  diminution  both  in  the 
quantity  and  speciflc  gravity  of  the  urine,  and  also  a  diminution  in 
the  quantity  of  uric  acid,  phosphoric  acid,  sulphuric  acid  and  of 
chlorides.  L.  Ries8,||  by  carefully  conducted  experiments  on  nine 
typhus  fever  patients,  found  as  a  principal  result  that  antipyrin  io 
doses  up  to  12  grams  per  day  diminished  considerably  the  excretioii 
of  nitrogen,  the  diminution  ranging  in  six  series  of  experiments  frwn 
2'5  to  247  per  cent.  Umbach,^^  likewise,  has  studied  the  ioflaenoe 
of  antipyrin  on  the  excretion  of  nitrogen,  both  on  a  dog  and  on  him- 
self, and  he  found  that  with  a  de6nite  diet  the  excretion  of  nitrogen 
sank,  under  the  influence  of  4  grams  of  antipyrin,  in  two  days  about 
2  grams,  equal  to  4  grams  of  urea.  The  uric  acid  excretion,  however, 
was  not  materially  affected. 

In  spite  of  these  manifold  experiments,  we  have  deemed  the  matter 
of  sufficient  importance  to  warrant  further  study,  especially  with  a 
view  to  the  action  of  the  drug  on  the  metamorphism  of  nitrogenous 
matter  in  the  healthy  organism.  The  experiments  were  therefcwe 
tried  upon  a  healthy  man  with  a  body  weight  of  77  kilograms,  and 


*  Chittonden  and  Cummins.    Studies,  tol.  11,  p.  231. 

f  Abstract  in  Jahresbericht  fiir  Thierchemie.     1 886,  p.  98. 

X  Abstract  in  Jahresbericht  fiir  Thierchemie.     1884,  p.  242. 

§  Abstract  in  Jahresbericht  fur  Thierchemie.     1 885,  p.  444. 

I  Archiv  fiir  experim.  Pathol,  u.  Pharm.  xxii,  121 ;  also  Abstract  in  Jahrediefirf* 
fttr  Thierchemie.  1886,  p.  417.  Ueber  stickstoffausscheidung  bei  antipyretiscber 
Fieberbehandlung. 

^  Ueber  den  Einfluss  der  Antipjrins  auf  die  stickstoffausscbeidung.  Abstract  a 
Jahresbericht  fiir  Thierchemie.     1886,  p.  418. 


AfUipyrifiy  and  ArUifebrin  on  Proteid  Metaholiam,  40 

uDder  definite  conditions  of  diet,  exercise,  etc.  Nitrogenous  equi- 
librium was  established  prior  to  the  experiment,  and  the  following 
daily  diet  was  strictly  adhered  to  throughout  the  entire  period. 

886  grains  meat  (beef). 

840  *'  potatoes. 

227  "  wheat  bread. 

168  "  oat  meal  (steamed). 

28  '*  sugar. 

42  "  butter. 

120  "  milk. 

1040  **  water. 

In  this  experiment,  nitrogenous  metabolism  was  measured  by  deter- 
mining the  urea  and  uric  acid  contained  in  the  daily  excretion,  instead 
of  determining  the  total  nitrogen.  This  was  done  in  order  to  ascer- 
tain whether  the  drug  has  any  special  action  on  the  excretion  of  uric 
acid.  Urea  was  determined  by  Liebig's  method,  as  modified  by 
Pfltlger.*  Chlorine  was  previously  determined  by  fusion  with  potas- 
sium nitrate  and  titration  with  silver  nitrate  in  the  usual  manner,  and 
then  removed  from  the  solution  to  be  tested  for  urea,  by  a  standard 
silver  solution.  Uric  acid  was  determined  by  Salkowski's  method, 
and  phosphoric  acid  by  titration  with  a  standard  uranium  solution. 

The  accompanying  tables  give  the  results  of  the  daily  analyses. 
From  these  it  is  evident  that  under  the  conditions  of  this  experiment, 
antipyrin  has  a  decided  inhibitory  action  on  the  proteid  metabolism 
of  the  healthy  human  organism,  as  shown  by  the  diminished  excre- 
tion of  urea  and  uric  acid  when  the  drug  is  taken.  Antipyrin  also 
tends  to  diminish  the  volume  of  the  urinary  secretion,  this  action 
being  very  marked  in  the  second  series,  where  comparatively  large 
amounts  of  antipyrin  were  administered.  As  regards  the  excretion 
of  phosphoric  acid  and  of  chlorine,  nothing  definite  can  be  said.  The 
more  important  changes  produced  by  the  antipyrin  are  shown  in  the 
following  table  of  average  daily  results. 

Urea.  Uric  acid.  Total  P,Oft.  Volume.  Sp.Gr. 

grams.  gram.  grams.  c.  c. 

Normal  period 41806  0*586  3185  961  1028 

PLmt  antipyrin  period..,.    88875  0556  8026  848  1029 

First  after  period 42080  0*575  2*929  929  1028 

Second  antipyrin  period..    40*854  0-472  2*941  822  1081 

Second  after  period 44*220  0*587  2*928  957  1028 

♦  Pfluger*8  Archiv  fQr  Physiologie,  voL  xxi,  p.  248. 
TaAxa  CoiiM.  Acad.,  Vol.  VIIl.  7  Xov.,  1888 
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Since  this  work  was  finished  we  have  seen  an  interesting  paper 
by  Dr.  Kumagawa*  on  the  action  of  certain  antipyretics  on  proteid 
metabolism,  in  which  is  given  the  results  of  an  experiment  with 
antipyrin  on  the  excretion  of  nitrogen  and  uric  acid,  in  the  case  of  a 
dog  of  26  kilos,  weight  in  a  condition  of  nitrogenous  equilibrium. 

Id  this  experiment.  Dr.  Eumagawa  found  that  even  large  doses  of 
aDtipyrin  (51  grams  in  16  days)  produced  no  change  whatever  in  the 
excretion  of  nitrogen  (determined  by  the  Kjeldahl  method),  but  that 
there  was  a  very  noticeable  increase  in  the  excretion  of  uric  acid 
(determined  by  Salkowski's  method),  amounting  on  an  average  to  65 
per  cent  above  the  normal  excretion.  These  results  stand  in  direct 
opposition  to  what  we  have  found  with  somewhat  smaller  doses,  in 
experimenting  on  the  human  organism.  Whether  the  explanation 
of  this  difference  is  to  be  found  in  the  different  nature  of  the  two 
organisms  experimented  with  we  cannot  now  say,  but  we  hope  at  a 
later  date  to  explain  this  apparently  divergent  action. 

IV.    The  influence   of  antifebrin; — from   experiments   made  by  H,   C. 

Taylor,  Ph.B. 

Antifebrin  or  acetanilide,  which  has  recently  come  into  use  as  an 
antipyretic,  as  a  nervine  and  antiseptic,  has  been  the  subject  of  many 
clinical  observations  but  has  not  as  yet,  so  far  as  we  know,  been 
experimented  with  to  ascertain  its  influence  on  proteid  metabolism. 
We  have  endeavored,  therefore,  to  ascertain  the  influence  of  this  new 
antipyretic  on  the  nutrition  of  the  healthy  human  organism,  believing 
that  such  results  may  possibly  be  of  greater  value  than  those  ob- 
tained by  experimenting  on  animals.  At  the  same  time  it  is  to  be 
borne  in  mind,  that  an  antipyretic  especially  may  produce  an  effect 
upon  the  healthy  organism  quite  different  from  that  which  the  same 
doses  would  produce  on  an  organism  rendered  perhaps  more  sus- 
ceptible by  disease,  as  in  fever.  The  experiment  was  therefore  con- 
dacted  upon  the  person  of  a  young  man  of  64  kilos,  body  weight, 
brought  into  a  condition  of  nitrogenous  equilibrium  and  maintained 
throughout  the  experiment  upon  a  weighed  diet  of  known  composi- 
tion. For  reasons  already  given,  the  excretion  of  nitrogenous  matter 
was  measured  by  determining  in  the  24  hours'  urine  the  amount  of 
area  and  uric  acid,  using  the  methods  employed  in  one  of  the  pre- 
ceding experiments.     Sulphur,  phosphorus   and   chlorine  were   also 

^Ueber  die  Wirkung  einiger  antipyretischer  Mittel  auf  den  Biweissumsatz  im 
Organiamus.     Virchow'b  Archiv,  Band  cxiii,  p.  192, 
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determined  each  day  by  methods  already  indicated.  After  nitrogen-  I 
0U8  equilibrium  had  been  established,  and  the  urine  analyzed  forta  ] 
C(»nsecutiye  days,  antifebrin  was  administered  daily  in  divided  doses,  ] 
at  a  time  not  to  interfere  with  digestion,  for  a  period  of  nine  diyi  I 
The  daily  dose  was  gradually  increased  until  at  last  there  was  i  1 
slight  approach  to  cyanosis.  In  all,  18*3  grams  or  205  grains  of  tbe  j 
antipyretic  were  taken.  No  disagreeable  symptoms  were  experienced,  i 
but  there  was  a  very  noticeable  lividity  of  countenance  with  a  de-  j 
cided  blueness  of  the  lips,  and  a  slight  darkening  of  the  skin  neartk 
cheek  bones. 

The  initial  daily  dose  was  0*4  of  a  gram  or  a  little  over  6  gnisF, 
and  was  rapidly  increased  to  2*6  grams  or  40  grains  per  day,  given  is  ' 
three  doses.  There  are,  to  be  sure,  many  cases  recorded  where  ". 
apparently  smaller  doses  have  led  to  serious  results,  but  carefiil 
watching  failed  to  show  any  symptoms  whatever  even  suggesti?e  of 
any  disagreeable  action  on  the  digestive  system,  the  circulation  or  | 
respiration.  Weinstein,  indeed,  has  said  that  persons  not  suf- 
fering from  fever  may  take  antifebrin  for  weeks  together  withoot 
any  effect  on  the  circulation,  while  according  to  Herczel  the  long- 
continued  administration  of  antifebrin,  thirty  to  forty-five  grains 
daily  for  six  weeks,  may  lead  to  what  he  terms  aniline  anaemia  with 
solution  and  decomposition  of  the  haemoglobin  of  the  blood.  In 
fact,  the  latter  observer  considers  that  aniline  is  set  free  from  the 
acetanilide  and  that  the  decomposition  of  the  blood-coloring  matter 
is  due  to  this  cause.  Whether  this  is  the  cause  of  the  cyanosis  so 
often  spoken  of  in  connection  with  this  drug  is  uncertain. 

In  the  second  antifebrin  period,  13-9  grams  or  214  grains  of  the 
drug  were  taken  in  seven  days,  accompanied  at  the  close  with  the 
same  approach  to  cyanosis  as  before. 

Examination  of  the  analytical  results  shows  plainly  that  under 
the  conditions  of  this  experiment  the  excretion  of  urea  is  not  very 
greatly  affected.  There  is,  however,  in  both  antifebrin  periods  a 
slight  increase,  indicating  increased  proteid  metabolism  onder  the 
influence  of  the  drug.  This  increased  excretion  of  urea  is  more 
apparent  in  the  individual  results  than  in  the  average  of  the  series. 
Thus,  in  the  normal  urine  it  is  to  be  noticed  that  the  daily  excretion 
of  urea  never  exceeded  34-5  grams,  while  in  the  first  antifebrin  period, 
on  the  days  when  the  largest  doses  of  acetanilide  were  taken,  the 
excretion  of  urea  amounted  to  36-37  grams,  and  in  the  after  period 
quickly  fell  to  about  33  grams  per  day.  The  same  peculiarity  is 
also  noticeable,  to  a  less  extent,  in  the  second  antifebrin  period 
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We  mast  conclude,  therefore,  that  acetanilide  tends  to  increase  some- 
what the  excretion  of  urea,  bat  that  with  such  doses  as  we  have  era- 
ployed  the  increase  in  proteid  metabolism  cannot  be  great.  This  is 
farther  indicated  by  the  lack  of  any  corresponding  change  in  the 
excretion  of  sulphur. 

The  excretion  of  phosphorus  is  also  unaffected  by  antifebrin. 

On  the  excretion  of  uric  acid,  however,  our  results  indicate  a 
special  inhibitory  influence.  This  is  quite  apparent  both  in  the 
averages  of  the  different  series  and  in  the  individual  results,  and,  if 
correct,  would  appear  to  be  the  most  marked  characteristic  of 
antifebrin,  so  far  as  its  influence  on  proteid  metabolism  is  concerned. 
Various  observers  have  stated  that  antifebrin  acts  as  a  diuretic, 
others  that  it  decreases  the  secretion  of  water,  and  while  doubtless 
both  results  have  been  seen  to  follow  its  administration  in  diseased 
conditions  of  the  system,  our  experiment  on  a  healthy  man  gives  no 
evidence  of  any  action  of  this  kind. 

Since  the  foregoing  was  written  we  have  seen  the  results  of 
Kumagawa's*  experiment  with  antifebrin  on  a  dog,  from  which  he 
concludes  that  acetanilide  taken  in  small  doses  (2-3  grams  per  day) 
does  not  give  rise  to  any  appreciable  increase  in  the  decomposition  of 
proteid  matter,  but  that  larger  doses  (4-5  grams  per  day)  cause  a  very 
marked  increase,  as  indicated  by  the  increased  excretion  of  nitrogen. 
Such  doses  are,  however,  as  Kumagawa  himself  admits,  too  large, 
especially  when  given  to  a  moderate  sized  dog,  to  have  the  results  of 
any  practical  value.  L6pine,f  too,  experimenting  on  a  hungry  dog, 
thought  he  found  an  increase  in  the  excretion  of  nitrogen  after  giv- 
ing two  doses  of  one  and  two  grams  of  antifebrin.  Further,  AdemskiJ 
is  quoted  as  considering  that  urea  is  increased,  but  the  total  quan- 
tity of  nitrogen  decreased  by  antifebrin.  Bokai,  that  the  amount  of 
nitrogen  is  diminished  and  Berezooski  that  the  urea  decreases  with 
the  fall  of  temperature.  Whether  these  latter  views  are  founded  on 
actual  experiments  or  are  mere  conjecture  I  do  not  know. 

According  to  Jaffe  and  Hilbert,§  rabbits  fed  upon  antifebrin  excrete 
it  mainly  as  paramidophenol-sulphuric  acid,  and  Kumagawa  has  like- 
wise found,  in  the  case  of  a  dog,  that  neither  acetanilide  nor  aniline 
appear  in  the-  urine,  but  that  the  antifebrin  is  excreted  mainly  as 
paramidophenol  united  to  sulphuric  acid. 

♦  Virchow's  Archiv.     Band  cxiii,  p.  171. 

f  See  iSalkowaki'B  Bemerkung  in  Virchow's  Archiv,  Band  cxiii,  p.  394. 
X  See  Report  on  Antifebrin  in  the  Therapeutic  Gazette,  vol.  xii,  p.  571. 
g  Zeitschrift  fur  physiologische  cfaemie,  xii,  p.  307. 


IV. — Tub  influence  of  sbvbbal  new  therapeutic  agshtb  oi 

AMTLOLYTIC    AND    PROTEOLYTIC    ACTION.        By    R.    H.   CHTTraS- 

DEN  AND  C.  W.  Stewart,  Ph.B. 

In  view  of  the  pronounced  action  of  a  number  of  newly  discovered 
therapeutic  agents  on  metabolism,  we  have  deemed  it  of  iroporUocc 
to  widen  our  knowledge  regarding  their  physiological  actioo  by 
attempting  a  study  of  their  behavior  towards  the  amylolytic  and 
proteolytic  ferments,  with  the  hope  of  gaining  some  insight  into 
their  influence  on  normal  digestion. 

The  methods  employed  were  similar  to  those  used  in  previous  ex- 
periments of  this  kind,*  in  which  the  action  of  varying  percentages 
of  the  drug  were  determined  quantitatively. 

Influence  on  amylolytic  action. 
As  amylolytic  ferment,  human  mixed  saliva  was  employed,  filtered 
and  carefully  neutralized,  and  then  diluted  with  distilled  water  in  the 
proportion  of  1  to  5.  The  experiments  were  made  in  series,  in  whid 
one  digestion  of  each  series  served  as  a  control  for  comparison.  The 
volume  of  each  digestive  mixture  was  100  c.  c,  in  which  was  present 
1  gram  of  perfectly  neutral  potato  starch  previously  boiled  with  a 
portion  of  the  water,  10  c.  c.  of  diluted  neutral  saliva  and  %  gireo 
quantity  of  the  substance  to  be  experimented  with.  The  mixtnrw 
were  warmed  at  40*  C.  for  thirty  minutes,  after  which  further  actwo 
of  the  ferment  was  stopped  by  heating  the  solution  to  boiling.  TV 
extent  of  amylolytic  action  was  then  ascertained,  by  determining  in 
one-fourth  of  the  solution  the  amount  of  reducing  substanct^  by 
Allihn's  gravimetric  method.f  For  the  sake  of  convenience,  the 
total  amount  of  reducing  substance  was  calculated  as  dextrose,  from 
which  in  turn  was  calculated  the  percentage  of  starch  converted. 

Antipyrin, 
With  this  new  antipyretic,  several  series  of  experiments  with  amall 
percentages  were  made  which  show  clearly  that  the  substance  is 

♦  Studies  from  the  Laboratory  of  Physiological  Chemistry,  Yale  Unirersity,  foK  i 
and  ii. 
f  Zeitschrift  fur  aualytiscbe  chemle,  zxii,  p.  448. 
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without  any  appreciable  influence.  When  present  in  larger  percent- 
ages, the  drug  was  found  to  have  a  slight  inhibitory  influence  on 
amylolytic  action,  as  the  following  series  of  experiments  show  : 


Per  cent,  ol 
Aotlpyrlu. 

Total  amoa&t  of 

Starch 
conYcned. 

Relatiye 
amylolytic  action. 

0 

0*3446  gram. 

31-01  per  cent. 

1000 

0-6 

0-3446 

3101 

100-0 

10 

0-3424 

30-82 

99-4 

30 

0-3278 

2960 

96-1 

50 

0-3112 

2801 

93-6 

Coppola,*  in  studying  the  physiological  action  of  antipyrin,  found 
that  three  per  cent,  of  the  substance  did  not  hinder  the  inversion  of 
cane  sugar  by  yeast,  but  did  prevent  alcoholic  fermentation.  Fur- 
ther, that  the  same  percentage  hindered  slightly  the  action  of  malt 
diastase  on  starch,  and  had  a  decided  inhibitory  influence  on  the 
alkaline  fermentation  of  urine. 

Antifebrin. 

Owing  to  the  comparative  insolubility  of  antifebrin  or  acetanilide 
in  water,  large  percentages  could  not  be  employed.  Such  as  were 
used,  however,  clearly  show  that  this  antipyretic  has  little  influence 
on  amylolytic  action. 


Per  cent,  of 
Anttfebrln. 

TotMl  amoaot  of 
redoclDff  snbatances. 

Starch 
converted. 

Relative 
amylolytic  action. 

0 

0-3604  gram. 

32*44  per  cent. 

1000 

010 

0-3600 

32-40 

99-9 

0-26 

0-3638 

32-tO 

100-8 

0-50 

0-3550 

3200 

98-6 

0 

0-3382 

30-44 

100-0 

20 

0  3298 

29-68 

97-5 

In  this  connection,  it  is  interesting  to  notice  that  Kumagawa*  has 
found  antifebrin  to  have  a  strong  antiseptic  action  on  the  putrefac- 
tive processes  of  the  intestinal  canal,  and  Van  Seer  has  observed  that 
milk  does  not  undergo  fermentation  if  saturated  with  it,  and  also 
that  it  w*ill  prevent  albumin  becoming  putrid. f 

Urethan. 

With  ethyl-urethan,  two  series  of  experiments  were  tried,  with  the 
following  results  : 

*  Jahreabericht  fiir  Thierchemie.     1885,  p.  98. 

f  Virchow's  Archiv,  Band  cxiii,  p.  184. 

X  See  The  Therapeutic  Gazette,  vol.  xii,  p.  566. 
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Per  cent,  of 
Urethan. 

Total  amonut  of 
rednclnff  sabetance*. 

Starch 
converted. 

RelitiTe 
amylolytkie 

0 

0-3382  gram. 

30-44  per  cent. 

loo-o 

0-5 

0-3650 

31-95 

1046 

0 

0-3402 

30-62 

lOOO 

2  0 

0-3446 

31-01 

1013 

30 

0-3362 

30-17 

98-5 

50 

0-3268 

29-40 

96D 

Here,  there  is  noticeable,  with  the  smaller  percentages,  a  sligbt 
stimulation  ofamylolytic  action,  but  it  is  not  sufficiently  large  to  be 
very  marked. 

Paraldehyde, 

This  substance  shows  very  strong  inhibitory  action,  even  0*5  percent 
diminishing  the  amount  of  starch  converted  by  30  per  cent  It  most 
be  remembered,  however,  that  the  aldehyde  is  only  slightly  soluble 
in  water,  and  that  it  is  more  or  less  volatile.  The  experiment!  were 
conducted  in  small  flasks  and  the  aldehyde  kept  more  or  l^s  emai 
sionized  with  the  aqueous  solution  by  shaking  the  mixtures,  but  ob- 
viously the  percentages  given  can  only  approximately  represent  the 
amount  actually  taking  part  in  the  reaction. 

Following  are  the  results  of  two  series  of  experiments : 


Per  cent,  of 
Paraldehyde. 

ToUl  amoant  of 
reducing  sabatancef . 

starch 
coQTerted. 

UclaUTC 
amylolytle  tcttoa. 

0 

0-3554  gram. 

31-98  per  cent. 

100-0 

0-1 

0-3534 

31-81 

99-5 

0-2 

0-3528 

31-75 

99-3 

05 

0-2468 

22-21 

695 

1-0 

0-1066 

9-59 

30-0 

0 

03564 

31-98 

100-0 

0-8 

0-1392 

12-52 

391 

10 

00948 

8-53 

26-6 

1-5 

00620 

5-58 

14-3 

2  0 

00446 

401 

12-5 

Thallin 

Sulphate, 

This  salt  has  a  more  marked  influence  on  the  amylolytic  action  ot 
saliva  than  any  of  the  preceding  substances.  Very  small  pereentaget 
have  a  noticeable  stimulating  action,  while  the  presence  of  0*2  per 
cent,  of  the  salt  almost  entirely  stops  the  action  of  the  ferment.  The 
results  of  the  following  two  series  show  one  or  two  small  points  d 
difference,  but  in  the  main  they  point  to  the  same  general  action. 
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Per  cent  of 
mitlagnlpliate. 

ToUl  amount  of 
reducing  tabsUnces. 

Starch 
convertert. 

BeUtlve 
amylolytle  action 

0 

0-3534  gram. 

31*81  per  oent 

1000 

0-025 

0-3648 

32-83 

1032 

0050 

0*3810 

34*36 

108-0 

0100 

0-3640 

31-86 

1001 

0-200 

0*0690 

6*21 

19-5 

0-300 

trace. 

0 

0*3652 

32-86 

1000 

0*025 

0*3798 

34-18 

104-0 

0060 

0-3872 

34-89 

106-1 

0080 

0-3812 

34-81 

106-9 

0-10 

0*3148 

28*33 

86*2 

Caffein  and  Thein, 

These  two  closely  related  alkaloids  were  foand  to  have  only  a 
slight  action  on  the  amylolytic  ferment,  producing  when  priesent  in 
considerable  amount  a  slight  diminution  in  the  amount  of  starch  con- 
verted. With  two  per  cent,  of  the  alkaloids,  the  following  results 
were  obtained : 

Per  cent  of  Total  amount  of  Starch  Relative 

alkaloid.  rednclnf  rabitances.  converted.  amylolytic  action. 

0  0*3620  gram.  32*57  per  cent  100  0 

2-0  Caffein.  03342  30  08  92*4 

0  0*3664  32*97  100*0 

0*2Tb6iiL  0-3440  3096  93-9 

Influence  on  proteolytic  action. 

The  influence  of  the  above  therapeutic  agents  on  the  proteolytic 
action  of  pepsin-hydrochloric  acid  was  determined,  as  in  preceding 
work  of  this  kind,*  by  ascertaining  the  amount  of  fibrin  digested  or 
dissolved  in  a  given  time,  by  a  definite  volume  of  standard,  artificial 
gastric  juice,  in  the  presence  of  varying  amounts  of  the  substances  to 
be  tested.  The  gastric  juice  was  made  by  dissolving  10  c.  c.  of  a 
glycerin  extract  of  pepsin  in  one  litre  of  0*2  per  cent,  hydrochloric 
acid.  The  volume  of  each  digestive  mixture  was  60  c.  c,  composed 
of  25  c.  c.  of  the  above  mentioned  artificial  gastric  juice,  and  26  c.  c. 
of  0-2  per  cent,  hydrochloric  acid  containing  the  desired  amounts  of 
the  substances  to  be  tested.  The  proteid  material  consisted  of  puri- 
fied fibrin,  coarsely  powdered  and  dried  at  110°  C.  One  gram  of 
fibrin  was  used  in  each  experiment.  The  digestive  mixtures  were 
wanned  at  40°  C.  for  a  certain  length  of  time,  usually  two  hours, 


*  Stadies  from  the  Laboratory  of  Physiological  Chemistry  of  Tale  University,  volp. 
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after  which  further  proteolytic  action  was  stopped  by  heating  Ibt 
mixtures  to  boiling.  The  undissolved  residues  were  then  collected 
on  dried,  weighed  filters,  washed  thoroughly  with  boiling  water,  sod 
finally  dried  at  110°  C.  until  of  constant  weight.  The  amount  of 
fibrin  dissolved  is  taken  as  a  measure  of  proteolytic  action. 

Following  are  the  results  obtained  with  the  various  subsunces 
tested : 

Antipyrin. 


Per  cent,  of 
Antlpyrln. 

Undigested 
reBldne. 

Fibrin 
digested. 

BeiAitre 
proteolytic  tetiefi. 

0 

0'607  gram. 

49*3  per  cent. 

100-0 

0-2 

0-622 

47-8 

9€-9 

0-5 

0-673 

42-7 

86-6 

10 

0-688 

31-2 

63-3 

Longer 

time  at  40°  C. 

0 

0-143 

86-7 

10(H) 

0-6 

0-213 

78-7 

%U 

30 

0-964 

3-6 

4-2 

60 

1008 

An 

tifehrin 

0 

0 

Per  cent,  ol 
AnUfebiin. 

UndigeBted 
resfdne. 

Fibrin 
digested. 

KelsUfe 
proteolytte  ar  km 

0 

01 29  gram. 

87-1  per 

ceuL 

lOOD 

01 

0-145 

85-5 

981 

0-2 

0-166 

83-4 

95-8 

0-5 

0-212 

78-8 

90-5 

1-5 

0-371 

62-9 

72-2 

Urethan. 

Per  cent,  of 
Urethan. 

Undigested 
residae. 

Fibrin 
digested. 

Ketative 
protrolytic  sttKs. 

0 

0-148  gram. 

86-2  per 

cent. 

10«I0 

02 

0138 

86-2 

101-2 

10 

0-171 

82-9 

972 

30 

0224 

77-6 

90^ 

60 

0-240 

760 

894 

Paraldehyd 

e. 

Per  cent,  of 
Paraldehyde. 

0 

Undigested 
residue. 

0*263  gram. 

Fibrin 
digested. 

73-7  per 

cent. 

BelattT« 
proteolytic  srtJ* 

100-0 

005 

0-219 

78-1 

105-9 

o-io 

0-246 

75-4 

102-3 

U-30 

0-255 

74-5 

lOl-l 

roo 

0-264 

73-6 

99^ 

200 

0-269 

73-1 

99-1 
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ThaUin  sulphate. 


Per  c«nt.  of 
TbalUn  fiikphste. 

0 

0*05 

0-10 

0-30 


Per  cent,  of 
Alkaloid. 

0 

1  -0  Thein. 

40      " 

40  Caffein. 


Undigested 
residue. 

0-379  gram. 

0-243 

0-327 

0*395 


nbrin 
digested. 

62*1  per  cent. 

75-7 

67-3 

60-6 


Thein  and  Caffein. 


Undigested 
residue. 

0-105  gram. 

0*262 

0*179 

0-584 


Fibrin 
digested. 

89*5  per  cent. 

74*8 

821 

41*6 


ReUtlve 
proteolytic  action. 

100*0 

121*9 

108*4 

97-4 


ReUUve 
proteolytic  action. 

1000 

84-7 

91*8 

46*5 


These  results  show  that  antipyrin  has  a  decided  inhibitory  influ- 
ence on  the  action  of  the  proteolytic  ferment,  and  that  when  present 
to  the  extent  of  3-0  per  cent,  it  practically  stops  all  digestive  action. 
Antifebrin  has  also  an  inhibitory  action,  perhaps  equal  to  that  of  anti- 
pyrin, but  owing  to  its  greater  insolubility  in  acid  fluids  large  per- 
centages of  the  substance  could  not  be  tested. 

Urethan  has  only  a  slight  retarding  action,  even  when  present  to 
the  extent  of  5  per  cent. 

Paraldehyde  and  thallin  sulphate  botb  show  a  very  decided  stimu- 
lating action  when  small  fractions  of  one  per  cent,  are  present,  the  lat- 
ter, particularly,  causing  a  much  larger  amount  of  fibrin  to  be  di- 
gested than  in  the  control  experiment. 

Thein  and  caffein  both  show  an  inhibitory  influence  on  the  ferment, 
that  of  caffein  being  much  greater  than  that  of  thein. 

On  the  proteolytic  action  of  trypsin  in  an  alkaline  solution,  two 
substances  only  were  tested,  antifebrin  and  paraldehyde.  The  ex- 
periments were  conducted  in  the  same  manner  as  with  pepsin-hydro- 
chloric acid,  except  that  a  solution  of  trypsin  in  0*3  per  cent,  sodium 
carbonate  was  employed  in  place  of  the  pepsin-acid,  and  the  mixture 
warmed  for  a  longer  time  at  40°  C.  Following  are  the  results  ob- 
tained, showing  a  much  more  pronounced  inhibitory  action  on  this 
ferment  than  on  pepsin. 


Per  cent,  of 
•obstsoce. 


0*2  EDtifebriD. 
1*0 

0*2  paraldehyde. 
20 

TraVB.  GOKN.    A.OAD., 


Undigested 
resmoe. 

0*159  gram. 

0-368 

0*741 

0*368 

0*969 

VOU  VIII. 


Fibrin 
digested 


84- 1  per  cent. 

63*2 

25*9 

63-2 
4*1 


Relative 
proteolytic  action. 

1000 

761 

30*8 

75'1 
4*9 

Nov.,  1888. 


V, — Caskoses,  Casein  Dyspeptone,  and    Casein  Peptone.    Bt 
R.  FI.  Chittenden. 

In  a  previous  paper  on  "  Casein  and  its  Primary  Cleavage  Pro- 
ducts,"* the  writer  expressed  the  intention  of  continuing  the  stody  of 
the  caseoses  formed  in  pepsin  digestion,  and  also  of  studying  pare 
casein  peptone  and  the  so-called  casein  dyspeptone.  In  the  fnlfillmeot 
of  this  intention,  experiments  upon  these  subjects  have  been  carried 
on  in  this  laboratory  daring  the  past  two  years,  with  the  aid  of  ier- 
eral  co-workers,  and  the  results  are  here  presented  collectively. 

I. — Casein  Dyspeptone ; — from  experiments  by  L.  A.  Conner,  I%B,,hJid 

e.  A.  Tuttle,  Ph.B. 

When  casein  is  exposed  to  the  action  of  pepsin-hydrochloric  acid 
at  40°  C,  or  even  at  ordinary  temperatures,  it  is  decomposed,  is  i? 
well  known,  into  soluble  caseoses  and  peptone.  In  every  socb  diges- 
tion, however,  there  always  remains  a  certain  amount  of  an  insolubk 
pasty,  grayish  white  substance,  which  apparently  is  not  susceptiW* 
to  the  further  action  of  gastric  juice,  no  matter  how  long  contiiiiied. 
This  insoluble  substance,  which  is  noticeable  to  a  greater  or  les»  extent 
in  the  pepsin  digestion  of  all  proteids,  but  particularly  so  with  cucid, 
and  which  received  from  Meissner  the  name  of  dyspeptone,  wi» 
examined  somewhat  carefully  by  Lubavin  in  1870,f  who  described 
some  of  its  properties.  He  considered  this  casein  dyspeptone  u  » 
mixture  of  two  distinct  bodies,  separable  from  each  other  by  tbe 
action  of  sodium  carbonate.  Substance  A^  that  portion  of  the  dys- 
peptone soluble  in  sodium  carbonate,  was  described  by  Lubavin  u  t 
body  containing  4*6  per  cent,  of  phosphorus,  13*3  per  cent,  of  nitro- 
gen, 48-5  per  cent,  of  carbon  and  no  sulphur,  corresponding  to  the 
formula  C3,II^,N^P0,,.  Substance  B,  insoluble  in  sodium  carbontu, 
was  slowly  soluble  in  sodium  hydroxide,  contained  sulphur,  but  only 
a  small  trace  of  phosphorus  and  evidently  contained  more  or  lew 

•Chittenden  and  Painter.      Studies  from  Laboratory  of  Physiological  Cheiu^ 
Yale  University,  vol.  ii.,  p.  156. 

f  Hoppe-Seyler.     Med.  Chem.  UntersuchungeD,  p.  463. 
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admixture  of  fat.  Judging  from  the  description,  substance  A  must 
have  been  an  acid  compound  of  the  body  studied,  mixed  with  more 
or  less  undigested  casein ;  while  substance  B  was  doubtless  a  mixture 
of  fat  and  the  body  A,  However  this  may  be,  our  results  show 
conclusively  that  no  body  having  the  formula  ascribed  by  Lubavin 
to  bis  substance  A^  can  be  separated  from  the  undigestible  residue 
of  casein  in  pepsin-hydrochloric  acid. 

In  all  of  the  experiments  to  be  described,  the  casein  employed  was 
freshly  prepared  from  skim  milk  by  precipitating  the  greatly  diluted 
fluid  with  dilute  acetic  acid,  washing  thoroughly  with  water,  redis- 
fiolving  the  precipitate  in  water  containing  a  trace  of  ammonia  and 
reprecipitating,  repeating  this  operation  three  or  four  times. 

In  subjecting  casein  to  the  action  of  artificial  gastric  juice  the  con- 
ditions were  varied  more  or  less  in  the  individual  experiments,  so 
that  if  the  so-called  dyspeptone  be  a  mixture  of  two  or  more  sub- 
stances, the  varying  conditions  under  which  the  digestions  were 
made  might  so  change  the  nature  of  the  mixture,  that  on  analysis,  it 
would  become  apparent. 

Digestion  A, 

The  casein  from  five  gallons  of  milk  was  placed  in  four  litres  of 
04  per  cent,  hydrochloric  acid  and  warmed  to  40®  C.  To  this  was 
added  200  c.  c.  of  a  dialyzed  pepsin  solution,  prepared  from  a  glyc- 
erin extract  of  the  ferment,  and  the  mixture  kept  at  40-46°  C.  for 
forty-eight  hours.  At  the  end  of  this  time  there  was  still  a  compara- 
tively large  mass  of  gelatinous  matter  undissolved,  composed  in  part, 
no  doubt,  of  swollen  casein.  The  entire  mixture  was  then  diluted  con- 
siderably with  water  and  treated  with  dilute  alkali  to  near  neutraliza- 
tion, leaving  the  fluid,  however,  distinctly  acid.  The  undigested 
matter  was  then  filtered  off  and  washed  thoroughly  with  water.  This 
partial  neutralization  of  the  digestive  mixture  was  found  necessary, 
owing  to  the  extreme  slowness  with  which  the  acid  fluid  filtered. 
The  undigested  matter  was  again  warmed  at  40°  C.  for  forty-eight 
hours,  with  four  litres  of  a  much  more  vigorous  pepsin  mixture  con- 
taining 0-4  per  cent,  hydrochloric  acid.  The  residue  still  undissolved 
was  filtered  off  and  washed  with  water.  The  acid  filtrate  gave  no 
precipitate  whatever  on  neutralization.  A  third  time  the  undigested 
matter  was  warmed  at  40°  C.  for  sixty  hours,  with  four  litres  of  a  still 
stronger  artificial  gastric  juice.  The  quantity  of  insoluble  matter  did 
not  appear  to  be  diminished  at  all  by  this  third  treatment  with  pep- 
sin and  acid.     The  substance  was  thereupon  filtered  from  the  acid 
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fluid,  and  washed  with  water  until  the  washings  gave  no  reaction  for 
chlorides.  It  was  then  treated  in  the  oold  with  one  litre  of  one  per 
cent,  sodium  carbonate,  in  which  it  appeared  to  dissolve  completdj. 
On  filtration  there  appeared  a  small  whitish  residue,  which  oo  treat- 
ment with  ether,  dissolved  in  great  part,  thus  showing  its  iattj 
nature.  There  remained,  however,  a  very  small  residue  of  a  heavy, 
brownish  substance  too  small  in  quantity  to  be  considered  other  thaa 
as  an  impurity.  On  adding  dilute  hydrochloric  acid  to  the  alkaline 
fluid,  no  precipitate  was  obtained  until  the  fluid  was  made  dbUocilj 
acid,  when  the  dyspeptone  was  thrown  down  as  a  heavy  floeealmt 
precipitate.  In  the  filtrate,  the  biuret  and  Millon^s  test  showed  oaly 
a  faint  trace  of  an  albuminous  body.  The  precipitate  of  dyspeptose 
was  washed  with  water  until  the  washings  gave  no  reaction  iritb 
silver  nitrate,  after  which  it  was  dissolved  in  one  per  cent,  sodian 
carbonate,  the  fluid  made  exactly  neutral  with  dilute  hydrochloiic 
acid,  thymolized,  and  then  dialyzed  in  running  water  until  all  cUo- 
ride  was  removed  from  the  fluid. 

The  neutral  fluid  of  dyspeptone  so  obtained,  was  concentrated  to  a 
thick  syrup  on  the  water-bath,  and  then  while  still  warm,  it  vae 
treated  with  95  per  cent,  alcohol  and  a  little  absolute  alcohol 
A  moderately  heavy  precipitate  of  dyspeptone  resulted,  but  appar- 
ently not  all  of  the  substance  was  precipitated.  On  standiDg  for 
forty-eight  hours,  the  fluid  was  found  in  a  thick,  gelatinous  conditioo. 
The  coagulum  was  insoluble  in  95  per  cent,  alcohol,  but  readily  aoti 
completely  soluble  in  water.  It  was  therefore  washed  thoroagUj 
with  alcohol,  allowed  to  stand  under  absolute  alcohol  for  severai 
days,  then  treated  with  cold  ether,  after  which  it  was  dried,  pow- 
dered and  placed  in  a  fat  extractor  and  extracted  with  boiling  etber 
as  long  as  any  fatty  matter  was  dissolved,  a  process  which  took  sev- 
eral days.  About  nine  grams  of  the  pure,  dry  substance  wm 
obtained. 

A  portion  was  then  dried  at  110°  C.  until  of  constant  weigbt, 
for  analysis.     Its  composition  is  shown  in  the  accompanying  table. 

The  methods  of  analysis  employed  were  the  same  as  those  preri- 
ously  described.  Phosphorus  was  determined  by  fusing  the  sub- 
stance in  a  silver  crucible  with  potassium  hydroxide  and  potassium 
nitrate,  acidifying  the  mixture  with  nitric  acid,  evaporating  to  dry- 
ness, dissolving  the  residue  in  water  acidified  with  nitric  acid  and 
precipitation  of  the  phosphoric  acid,  first  with  molybdic  solotioo,  azhi 
lastly  with  magnesia  mixture  and  final  weighing  of  the  pbosphoro* 
as  magnesium  pyrophosphate. 
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It  is  to  be  seeu  from  the  table  of  analytical  results  that  the  total 
phosphorus  is  exactly  equal  to  the  phosphorus  of  the  ash.  The  ash, 
as  examination  showed,  was  composed  almost  entirely  of  caldum 
phosphate  with  a  trace  of.  iron.  There  was  no  calcium  sulphate. 
Taking  the  percentage  of  phosphorus  at  the  highest  figure,  yiz :  2*67, 
and  calculating  it  to  calcium  phosphate  Ca3(PoJ„  it  would  be  eqiol 
to  13'3  per  cent,  of  calcium  phosphate,  or  within  0*3  per  cent,  of  the 
ash  found.  Hence,  it  would  appear  that  the  phosphorus  present  in 
the  substance  probably  existed  there  wholly  as  calcium  phosphate. 

Digestion  B, 

A  quantity  of  pure  casein,  equal  in  amount  to  that  used  in  digestion 
Ay  was  warmed  at  40°  C.  with  seven  litres  of  0*4  per  cenu  hydro- 
chloric acid,  to  which  a  quantity  of  purified  and  vigorous  pepsin  sold- 
tion  was  added.  After  being  kept  at  40°  C.  for  fifty  hours,  two 
litres  more  of  0*4  per  cent,  hydrochloric  acid,  together  with  some 
pepsin  solution,  were  added  and  the  mixture  warmed  at  40°  C.  for 
two  days  more,  after  which  it  was  diluted  with  water  and  the  undi- 
gested residue  allowed  to  settle  out.  The  supernatant  fluid  was 
syphoned  off,  the  residue  washed  by  deoantation  and  then  again 
treated  at  40°  C.  with  five  litres  of  an  active  pepsin-hydrochloric  acid 
solution  for  four  days.  The  residue  still  undigested  was  filtered  off, 
washed  with  water,  dissolved  in  one  per  cent,  sodium  carbonate  solo- 
tion  and  the  alkaline  fluid  filtered  from  the  small  amount  of  undis- 
solved matter.  From  this  fluid,  the  dyspeptone  was  precipitated  by 
hydrochloric  acid,  the  acid  compound  washed  thoroughly  with  water, 
after  which  it  was  warmed  at  40°  C.  for  forty-eight  hours  with  12«W 
c.  c.  of  0-2  per  cent,  hydrochloric  acid,  and  50  c.  c.  of  a  strong  pepsin 
solution.  The  undigested  residue,  after  being  thoroughly  washed, 
was  dissolved  in  800  c.  c.  of  one  per  cent,  sodium  carbonate,  the  solu- 
tion exactly  neutralized  with  hydrochloric  acid  and  dialyzed  until 
chlorides  were  entirely  removed.  The  clear  aqueous  solution  was 
evaporated  to  a  syrup  and  the  dyspeptone  precipitated  with  alcohol, 
after  which  it  was  treated  exactly  as  preparation  A.  9*5  ^rracu 
of  pure,  dried  substance  were  obtained. 

For  analysis,  the  dyspeptone  was  dried  at  110°  C.  until  of  constant 
weight.  The  analytical  results  are  shown  in  the  accompanying 
table. 

The  ash  which  was  larger  than  in  the  first  preparation,  oontaioed 
no  sulphate  whatever,  but  was  composed  in  great  part  of  caJcioin 
phosphate. 
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Digestions  C  and  D. 

These  digestions  were  conducted  in  mach  the  same  manner  as  tb« 
preceding.  In  C,  the  casein  was  first  subjected  to  the  action  of  fou 
litres  of  vigorous,  but  purified,  artificial  gastric  juice  containing  04 
per  cent,  acid,  for  four  consecutive  days.  The  undigested  residw 
was  then  filtered  off^  washed,  and  again  treated  with  a  vigorous  pep- 
sin-acid mixture  for  three  days  longer,  in  both  cases  at  40^  C.  The 
residue  still  undigested  was  washed  thoroughly  with  water  and  then 
dissolved  in  one  per  cent  sodium  carbonate,  after  which  it  was  treated 
exactly  as  preparation  A. 

In  Dy  the  casein  was  warmed  for  three  days  with  six  litres  of  a 
similar  pepsin-acid  mixture,  when  the  undissolved  residue,  after  bang 
filtered  and  thoroughly  washed,  was  dissolved  in  diluted  aodimn 
carbonate  and  reprecipitated  by  dilute  hydrochloric  acid.  Tben,  is 
in  By  the  washed  precipitate  was  redigested  with  a  vigorous  gastrin 
juice  for  several  days  and  the  residue  again  dissolved,  after  thorough 
washing,  in  one  per  cent,  sodium  carbonate  and  treated  exactly  u 
the  preceding  preparation. 

For  analysis,  both  products  were  freed  entirely  from  fat,  and  ulti- 
mately dried  at  110°  C,  until  of  constant  weight.  Their  compowUon 
is  shown  in  the  accompanying  tables. 

Three  other  distinct  preparations  of  dyspeptone  were  made  in  man- 
ner similar  to  the  preceding,  except  that  in  all,  larger  quantities  of 
pepsin-hydrochloric  acid  were  employed  and  the  mixtures  warmed 
for  a  longer  time  at  40®  C.  Thus  in  digestion  JS^  1562  grams  of 
moist  casein  were  warmed  with  9*5  litres  of  0*4  per  cent,  hydrochloric 
acid  and  pepsin  for  two  days,  and  the  undigested  residue  again  treated 
at  40^  C.  with  3  litres  of  a  like  pepsin-acid  for  seven  days,  and  finallj 
treated  a  third  time  with  pepsin  and  acid  for  four  days,  before  solu- 
tion in  sodium  carbonate,  etc.  Likewise  in  digestion  ff,  2000  gram* 
of  moist  casein  were  warmed  at  40*^  C.  with  11  litres  of  0*4  per  cent 
acid  and  pepsin  for  21  days  and  the  residue  warmed  again  at  40^  C. 
for  several  days,  with  a  fresh  pepsin-acid  mixture.  Ultimately,  all  of 
the  three  products  were  treated  as  previously  described,  and  finallv 
dried  at  110°  C.  prior  to  analysis.  The  analytical  resnlts  are  shown 
in  the  accompanying  tables. 
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Dyspeptone  E, 


No. 

Sub- 
staoce 
osecL 
gram. 

H,0 
found, 
gram. 

I 

0-7273    0-8758 

U    0-8746    0-l»27 

in    0-8177 

.  - .  - 

IV  <  0-5570 

_  _-- 

V    0-8819 



VI 

0-8380 



H 

% 


N  found. 


CO, 
found, 
gram,  i 


C 

% 


5-74 
5-71 


1-1628  48J 


0-5967 


4817 


34-06 
58-88 


18-0 


Pres- 
sure, 
mm. 


759-6 


N 
% 


12-2  760-3 


12-84 
12-61 


Ash 
found, 
gram. 


00496 
0-0499 


Ash 
% 


14-94 
14-98 


Percentage  composition  of  ash-free  substance. 


c 

H 

N 

50-84 
6-76 

50-76 
6-72 

15-10 

Dyspeptone  F. 

15-15 

Average 

60*80 

6'7S 

15*1$ 

1 
Sub- 
No.   stance 
used, 
gram. 

H,0 
found, 
gram. 

H 
% 

00, 
found, 
gram. 

C 

NfOUE 

T. 
c.  c.  1   o  (, 

l!  0-5876 

0-2887 

5-86 

0-8772 

44-50 

.-.. 

11  0-5686 

0-3039 

5-98 

0-9817 

44-68 

....  •  .... 

lU  0-4649 

.-  -  - 

50-8    12-4 

IV  0-4100,     .... 

_-  -- 

44-7    18-0 

V  0-8988 

-  -  -  - 









VI  0-4847 

.... 

.... 

.... 

1  ---■ 

.... 

.... 

d. 

Ash 

Pres.  ,     N 

found. 

Ash 

sure  '      % 

gram. 

% 

mm. 

764-0    1811 

.... 

.... 

765-5    1816 





... 

0-0586 

18-61 



0-0590 

13-69 

Percentage  composition  of  ash-free  substance. 


C 
H 

N 


51-50 
6-78 


51-70 
6-B7 


15-17 


15-21 


Average. 

61*60 

6*83 

16*19 


Dyspeptone  G. 


Sub- 

H,0 

Xo. 

stance 

found. 

used. 

gram. 

gram. 

I  0-7645 

0-8915 

n  0-4094 

0-2187 

ni  0-6268 



rV,  0-7803 



V  0-4856 

.... 

VI 

0-5654 

.... 

H 

% 

5-76 
5-79 


CO,    ] 
found, 
gram,  j 

1-2148 
0-6604 


N  found. 

0 

T. 

0.  C.       o  ^ 

Pres- 

% 

sure 

mm. 

48-90 

....1  .... 

.... 

48-98 

....    . 



70-6    13-8 

760-5 

.... 

88-8    14-0 

760-3 

.... 

.... 

Ash 

N 

found. 

Ash 

% 

gram. 

% 

.... 

13-56 



13-61 





0-0552  12-66 

.... 

0-0722 

12-76 

Precentage  composition  of  ash-free  substance. 

Average. 

C 

50-85            50-44             ....              ....              60*S9 

H 

6-61             6-65             ....              ....                6*63 

N 

16-65            15'61              16*68 
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Table  Showing  the  Avbbaob  Composition  op  the  Several  DY8PI^ 

TONES. 


C. 
H 

N 

S.. 

P. 

o. 


A. 


B. 


C. 


D. 


5115  !  5107  '  51-29    51-82 
7-18      7-41      7-26      7-44 


50-80 
6-78 


G.       Ctseia.* 


51-60    50-39     58-lft 
6-83      6-63       7-a; 


1516 
0-71 
0 

25-80 


Ash 


18-67 


15-28  .  15-48    1512    15-19    15  58     15-fl 


15-41 
0-71      0-68  ,    0-78 
0       •    0      !     0 

25-40    25-54    2448 


15-41     12-48    14-19 


14-96 


I     0-82 
i     0-87 

J 


18-60    12-71  I     0-98 


It  is  evident  from  the  more  complete  analyses  of  the  first  four 
products,  that  the  dyspeptone  as  prepared  by  us  contains  essenvisllj 
the  same  percentage  of  sulphur  as  the  original  casein ;  further,  that 
instead  of  being  a  phosphorized  compound,  it  apparently  contains  no 
phosphorus  whatever,  other  than  that  combined  with  calcium.  Very 
noticeable,  is  the  large  percentage  of  ash  in  all  of  the  preparatioas. 
This  we  were  not  able  to  materially  reduce  by  any  process  of  purifica- 
tion, and  as  the  ash  of  the  original  casein,  like  that  of  the  drs- 
peptone,  was  composed  almost  wholly  of  calcium  phosphate,  it  woild 
appear  as  if  all  of  the  phosphate  from  the  mother  substance  had 
attached  itself  to  the  dyspeptone. 

In  their  content  of  carbon,  all  of  the  seven  preparations  show  a  very 
cWe  agreement,  while  they  diflTer  from  casein  by  containing  two  per 
cent,  less  carbon.  The  nitrogen  of  the  dyspeptone  is,  likewise,  a  littl* 
less  than  that  of  casein,  while  the  individual  preparations  i^bow 
throughout  a  very  close  agreement  in  their  content  of  this  elemeot 
In  composition,  therefore,  all  of  the  seven  preparations,  although  re[>- 
resenting  considerable  variation  in  the  method  of  production,  show  a 
sufficiently  close  agreement  to  indicate  their  identity.  Coroparvd 
with  casein,  the  lower  percentage  of  carbon  would  point  to  tb«r 
production  by  hydration,  and  it  would  appear  from  the  analytical 
d-ata  that  the  so-called  casein  dyspeptone,  formed  by  gastric  digestioc, 
is  a  mixture  of  calcium  phosphate  with  a  hydration  product  of  caseia. 


♦Chittenden   and    Painter.     Studies  from  Laboratory,  vol.  ii.  p.  KS. 
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the  hydrochloric  acid  compoand  of  which  is  insoluble  in  water  and 
dilute  acid.  The  dyspeptone  itself  is  quite  readily  soluble  in  cold 
water,  the  solution  remaining  unchanged  on  boiling. 

Following  are  some  of  the  reactions  of  dyspeptone. 

Addition  of  acetic  acid  to  an  aqueous  solution  of  the  snbstance 
produces  a  heavy  white  precipitate  insoluble  in  moderate  excess,  but 
partially  soluble  in  a  large  excess  of  the  acid.  On  beating  the  strongly 
acid  fluid,  the  precipitate  dissolves  completely  and  the  fluid  remains 
clear  on  cooling.  Addition  of  potassium  ferrocyanide  to  the  ctear 
acid  fluid  gives  only  a  slight  turbidity. 

Dilute  hydrochloric  and  sulphuric  acid  both  give  a  heavy  white 
precipitate,  insoluble  in  slight  excess  of  acid,  but  entirely  soluble 
in  a  large  excess  on  application  of  heat.  Even  0*2  per  cent,  hydro- 
chloric acid  precipitates  the  dyspeptone  completely. 

Dilute  nitric  acid,  likewise,  precipitates  the  dyspeptone,  but  the 
precipitate  is  far  more  soluble  in  excess  of  the  acid.  On  warming  the 
acid  solution,  it  quickly  turns  yellow,  and  with  ammonia  gives  the 
orange  yellow  color  of  the  xanthoprotein  reaction. 

Cupric  sulphate  and  potassium  hydroxide  give  the  violet  color  of 
the  biuret  reaction. 

Cupric  sulphate  and  ferric  chloride  both  give  heavy  precipitates, 
insoluble  in  excess. 

Potassium  hydroxide  and  lead  acetate  give,  on  boiling,  a  distinct 
reaction  for  sulphur. 

Mercuric  chloride,  added  in  small  quantity  to  a  cold  aqueous  solu- 
tion of  the  dyspeptone,  gives  no  precipitate,  but  when  added  in 
excess  and  the  mixture  is  heated,  a  heavy  white  precipitate  is  formed, 
insoluble  on  cooling. 

The  dyspeptone  is  precipitated  by  saturation  of  its  aqueous  solution 
with  ammonium  sulphate,  but  not  by  sodium  chloride,  even  on  heat- 
ing. Addition  of  acetic  acid,  however,  to  the  salt-saturated  fluid 
gives  the  usual  precipitate  of  dyspeptone. 

Casein  antialbumid. 

On  heating  casein  with  sulphuric  acid  and  water  at  100°  C,  it  is 
decomposed,  as  is  well  known,  into  soluble  products  and  an  insoluble 
antialbumid.  We  have  found,  however,  that  the  antialbumid  pre- 
pared in  this  manner  is  quite  different  in  composition  from  the  dys- 
peptone formed  in  gastric  digestion.  In  one  experiment,  where  about 
two  kilograms  of  pure,  moist  casein  were  heated  with  two  litres  of 
^?vater  and  100  grams  of  concentrated  sulphuric  acid  for  seven  hours 


is  H,  If,  Chittenden — Caseoses,  Casein  Dyap^one, 

at  1 00°  C,  and  the  residue  so  obtained  treated  again  in  a  like  nian- 
ner  with  the  same  strength  of  acid,  a  comparatively  large  amount  of 
casein  antialbnmid  was  obtained,  which  unlike  the  dyspeptone  from 
a  gastric  digestion,  was  only  slowly  soluble  in  dilute  sodium  carbon- 
ate. Freed  from  any  adhering  soluble 'products  by  treatment  with 
several  litres  of  a  vigorous  gastric  juice  for  two  days  at  40°  C,  it  still 
dissolved  slowly  in  dilute  sodium  carbonate.  By  long  contact  with 
a  one  per  cent,  solution  of  the  alkaline  carbonate  it  finally  dissolved, 
leaving  but  a  small  residue.  From  this  solution,  the  antialbumid 
was  reprecipitated  by  hydrochloric  acid,  and  after  thorough  washing 
with  water,  it  was  again  dissolved  in  sodium  carbonate,  the  fluid 
made  exactly  neutral  and  then  dialyzed  until  all  chloride  was  re- 
moved. After  concentration  of  the  fluid  and  precipitation  with  alco- 
hol, etc.,  the  antialbumid  was  dried  and  analyzed.  It  contained  18 
per  cent,  of  ash.  The  ash-free  substance  contained  64-4  per  cent,  of 
carbon,  6*8  per  cent,  of  hydrogen,  and  14*8  per  cent,  of  nitrogen; 
showing  thus  a  much  higher  percentage  of  carbon,  and  a  lower  per- 
centage of  nitrogen  than  the  dyspeptone  formed  by  pepsin-liydro- 
chloric  acid. 

Both  casein  antialbumid  and  dyspeptone  are  dissolved  with  more 
or  less  readiness  by  alkaline  solution  of  trypsin  and  are  converted 
by  long  warming  at  40°  C.  into  a  peptone-like  body,  presumably 
antipeptone. 

II.  Caseoses  ;^  from  experiments    by    Charles  Norria,,   Jr,,  Ph.B.,  and 

C.  A.  TuWe,  Ph.B. 

In  a  previous  study  of  the  caseoses  formed  in  pepsin  digestion,*  we 
were  much  impressed  with  the  peculiar  behavior  of  protocaseose 
towards  acids.  Unlike  the  proto  bodies  from  other  proteids  pre- 
viously studied,  aqueous  solutions  of  the  substance  gave  heavy  pre- 
cipitates with  dilute  acids.  Protocaseose,  as  then  separated,  was 
readily  soluble  in  0-4  per  cent,  hydrochloric  acid,  but  addition  of 
stronger  acid  invariably  produced  a  decided  precipitate,  soluble, 
however,  in  a  still  larger  excess  of  acid.  This  peculiarity  rendered 
the  protocaseose  an  object  of  some  interest  to  us,  and  further  study 
of  the  conditions  favoring  its  formation  in  gastric  digestion  has 
shown  us  that,  apparently,  the  nature  of  the  body  precipitated  by 
saturation  with  salt,  as  well  as  the  body  precipitated  by  salt-satu- 
rated acetic  acid  is  modified  by  the  strength  of  the  pepsin  solution, 

*  Chittenden  and  Painter.     Studies  from  Laboratory  of  Physiological  Chemistry, 
vol.  ii,  p.  195. 
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and  the  length  of  time  the  casein  is  subjected  to  the  action  of  the 
ferment.  In  our  earlier  work  with  the  proteoses,  we  deemed  it  es- 
sential in  attempting  a  study  of  the  primary  products  of  proteolytic 
action  to  use  as  weak  a  ferment  solution  as  possible,  and  to  discon- 
tiune  its  action  as  soon  as  solution  of  the  proteid  was  complete,  in 
order  that  there  might  not  be  too  great  a  loss  through  formation  of 
peptone.  Further  study,  however,  especially  by  use  of  the  am- 
monium sulphate  reaction,  has  shown  us  that  the  formation  of  pep- 
tone is  a  far  less  rapid  process  than  generally  supposed.  Indeed,  in  the 
majority  of  artificial  digestions  with  pepsin-hydrochloric  acid,  as  or- 
dinarily conducted,  the  ammonium  sulphate  reaction  will  show  the 
entire  absence  of  peptone.  True  peptone  appears  to  be  formed  only 
by  the  action  of  a  very  vigorous  pepsin  mixture  and  that  long  con- 
tinued. 

In  all  of  our  previous  experiments,  the  casein  was  either  subjected 
to  the  action  of  a  very  weak  pepsin  mixture  or  else,  in  the  use  of  a 
stronger  ferment,  exposed  to  its  action  for  a  few  hours  only.  We 
now  find  that  by  using  a  far  more  vigorous  pepsin  mixture  and  by 
continuing  its  action  for  several  days  instead  of  hours,  there  is  still 
not  a  trace  of  peptone  to  be  found  in  the  filtrate  from  the  ammonium 
sulphate  precipitate  of  the  caseoses,  but  that  the  caseoses  them- 
selves, particularly  the  proto  and  deuterocaseose,  diflTer  somewhat, 
both  in  composition  and  reactions  from  the  products  previously  sep- 
arated. The  discovery  of  this  fact  has  led  us  to  a  further  study  of 
the  caseoses  formed  in  pepsin  digestion,  by  which  we  have  been  able 
in  many  ways  to  verify  our  former  observations  and  at  the  same 
time  extend  our  knowledge  of  these  interesting  primary  cleavage 
products  of  casein.  We  have  also  extended  our  work  by  studying 
the  caseoses  formed  through  the  action  of  trypsin,  and  dilute  sul- 
phuric acid. 

A.     Caseo8es  formed  by  pepsin-hydrochloric  acid. 

In  all  of  these  experiments  the  pepsin  mixture  was  very  power- 
ful, and  was  especially  prepared  to  insure  freedom  from  both  albu- 
moees  and  peptone.*  The  casein  was,  likewise,  thoroughly  pure, 
ha>ang  been  freshly  prepared  from  skim  milk  by  precipitation 
with  0*2  per  cent,  hydrochloric  acid,  and  reprecipitation  three  or  four 
times  after  solution  in  ammoniacal  water. 

*  Studies  from  the  Laboratory  of  Physiological  Chemistry,  vol.  ii,  p.  133. 
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Digestion  A, 

Nearly  2  kilos,  of  moist  casein  were  warmed  at  40°  C.  for  a 
little  more  than  two  days,  with  10  litres  of  0*4  per  cent  hydro- 
chlonc  acid  containing  sufficient  of  the  pepsin  mixture  to  insare  vig- 
orous action.  After  partial  neutralization  of  the  acid,  the  dear  M 
was  filtered  from  the  semi -gelatinous  dyspeptone,  made  exicUy  nen 
tral  with  sodium  hydroxide  and  then  evaporated  until  moderatelj 
concentrated.  On  filtering  the  concentrated  fluid  through  piper,  i 
small  residue  remained,  somewhat  gummy,  insoluble  in  dilate  adi 
but  readily  soluble  in  dilute  sodium  carbonate,  from  which  it  Tie 
precipitated  by  either  hydrochloric  or  acetic  acid.  The  amount  wis 
too  small  for  study,  but  it  seemed  to  resemble  in  reactions  dseo 
dyspeptone. 

The  neutral  fluid  containing  the  caseoses  gave  no  precipitin 
whatever  on  addition  of  0'4  per  cent,  hydrochloric  acid  or  erea 
stronger  acid,  and  in  this  respect  differs  from  the  earlier  diges- 
tions  in  which  the  ferment  action  was  continued  for  a  short  tJnK 
only.  With  dilute  acetic  acid,  however,  a  slight  turbidity  was  pro- 
duced, the  amount  of  which  was  too  small  to  admit  of  any  study  of 
its  character. 

The  caseoses  were  precipitated  collectively  in  the  form  of  a  beiTT 
gummy  precipitate,  by  saturation  of  the  neutral  fluid  with  aoww- 
nium  sulphate.  On  boiling  the  filtrate  from  this  ammoDinm  solj^ttr 
precipitate,  a  small  quantity  of  a  second  gummy  precipitate  wi^ 
obtained.  In  the  filtrate  from  this  second  precipitate,  no  trace  of  a 
peptone-like  body  could  be  discovered  by  any  of  the  ordinary  l««t^- 
Apparently  only  caseose  bodies  had  been  formed. 

The  first  and  main  ammonium  sulphate  precipitate,  after  bein^ 
washed  by  trituration  with  a  saturated  solution  of  ammonium  mI- 
phate,  was  dissolved  in  water  and  the  perfectly  neutral  fluid  siu- 
rated  in  the  cold  with  sodium  chloride.  By  this  means  a  heavy 
gummy  precii)itate  was  formed,  which  after  being  washed  with  a 
saturated  solution  of  sodium  chloride  was  redissolved  in  water,  a»i 
reprecipitated  by  saturation  of  the  neutral  fluid  with  salt.  After 
three  or  four  reprecipitations,  the  protocaseose  was  considered  wf* 
ciently  pure. 

In  this  digestion,  there  appeared  to  be  present  more  heterocase** 
and  dyscaseose  than  in  our  former  experiments,  as  was  evidenced  W 
the  small  insoluble  residues  remaining  each  time  the  precipii**'! 
protocaseose  was  redissolved  in  water.     These  residues  of  hetero-  i»J 
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djscaseose  were  very  small,  bat  still  sufficiently  large  to  enable  us 
to  make  out  their  general  characters.  Similarly,  Dr.  Thierfelder* 
found  in  the  purification  of  his  protocaseose,  or  "  propeptone  I"  as 
he  terms  it,  a  small,  insoluble  residue  each  time  he  dissolved  the 
sodium  chloride  precipitate  in  water.  It  would  appear,  therefore, 
that  in  a  vigorous  or  long  continued  digestion  there  is  a  much  greater 
probability  of  the  hetero  body  being  formed  than  when  the  ferment 
is  allowed  to  act  only  a  short  time  on  the  casein.  This,  however,  is 
contrary  to  Neumeister's  views  regarding  the  order  of  formation  of 
the  proteoses. 

In  order  to  free  the  precipitated  protocaseose  from  salt  and  any 
adhering  heterocaseose,  it  was  dissolved  in  water  and  dialyzed  until 
all  chloride  was  removed.  The  neutral  solution  was  then  concen- 
trated to  a  syrup,  and  the  proto  body  precipitated  by  alcohol. 
Doring  the  concentration  of  the  fluid,  a  gummy-like  mass  separated, 
similar  to  the  separation  of  protoelastose.  This,  however,  dissolved 
more  or  less  completely  as  the  mixture  cooled.  The  precipitated 
caseose,  after  being  extracted  several  times  with  alcohol  and  with 
warm  ether,  was  partially  dried,  ground  to  a  fine  powder,  re- 
extracted  with  ether  in  a  fat  extractor  and  finally  dried  at  110°  C. 
until  of  constant  weight. 

On  analysis  it  gave  the  following  results : 

Protocaseose  A. 
L  0*4947  gram  substance  gave  0*9794  gram  CO,=63'98  per  cent.  C. 
n.  0-3802  gram  substance  gave  0-2397  gram  H,O=7-00  per  cent.  H. 

III.  0-3862  gram  substance  gave  0-2467  gram  H,O=7-09  per  cent. 
H  and  07670  gram  CO,=54-16  per  cent.  C. 

IV.  0-4953  gram  substance  gave  64-8  c.  c.  N  at  20-8°  C.  and 
760*3  mm  pressure= 15*72  per  cent.  N. 

V.  0-3764  gram  substance  gave  50-1  c.  c.  N  at  22-5°  C.  and  760-6 
mm  pressore=  15-95  per  cent.  N. 

VL  0-4599  gram  substance  gave  0-0046  gram  ash =1*00  per  cent. 
VII.  0-4103  gram  substance  gave  0*0041  gram  ash=0-99  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 

C        54-53        54-69        54*61 

H         ....  7-11        7-07        711 

N         15*88       16*11  15*99 

♦Znr  KeDntnifls  der  Caseinpeptone,  Zeitschrifit  fur  physiologische  Cheraie,  x,  p.  577. 
Trans.  Conn.  Acad.,  Vol.  VIII.  11  Nov.,  1888. 
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This  protocaseose  is  thus  seen  to  have  a  higher  percentage  of  car 
bon  than  the  proto  bodies  previously*  studied,  although  one  prod- 
uct was  then  obtained  with  53'93  per  cent  C,  7*17  per  cent  H,  iD*i 
16  05  per  cent.  N. 

In  reactions,  likewise,  this  protocaseose  differs  somewhat  from  the 
protocaseoses  previously  obtained,  and  as  the  characters  of  the  pra^ 
ent  body  have  been  veri6ed  by  the  reactions  of  several  other  prod 
ucts  similarly  produced,  we  are  led  to  believe  in  their  constaacy. 
Moistened  with  water,  the  powdered  protocaseose  becomes  immfrli- 
ately  gummy  and  soon  dissolves  to  a  perfectly  clear  flaid,  wbicfaoo 
addition  of  considerable  water  becomes  decidedly  cloudy  or  lor 
bid.  Treated  with  a  large  amount  of  water  at  the  outset,  the  p^^ 
tocaseose  dissolves  more  slowly,  giving  a  more  or  less  turbid  llnid. 
In  dilute  acid  and  in  dilute  sodium  carbonate  it  dissolves  to  t  per- 
fectly clear  fluid. 

Towards  heat,  aqueous  solutions  of  protocaseose  act  exactly  lik^- 
protoelastose.  Even  when  warmed  very  gently,  the  solution  be- 
comes quickly  turbid  and  if  concentrated  gives  moreor  lessofaflocca- 
lent  precipitate.  On  cooling,  the  turbidity  disappears,  reappearing 
as  the  fluid  is  heated.  Like  protoelastose  also,  a  solution  of  tbc* 
caseose  body  on  being  rapidly  concentrated  deposits  more  or 
less  of  the  substance  as  a  gummy  mass,  which,  however,  will  di** 
solve  in  cold  water,  or  if  the  fluid  is  not  too  concentrated  will  di*^ 
solve  in  the  mother  liquid  as  it  cools.  Dilute  acetic  acid  added  U) 
an  aqueous  solution  of  protocaseose  gives  no  precipitate  whatever, 
but  potassium  ferrocyanide  added  to  the  acid  fluid  gives  a  hearj 
precipitate. 

Dilute  hydrochloric  acid  produces  no  precipitate. 

Dilute  nitric  acid  added  to  an  aqueous  solution  of  the  caseoH 
gives  a  heavy  white  precipitate,  which  on  gently  warming,  qoieUj 
dissolves  while  the  fluid  takes  on  a  faint  pink  or  rose  color,  which 
on  further  warming  changes  to  a  bright  yellow  or  reddish  yello* 
color.  If  the  nitric  acid  solution  is  not  warmed  too  long,  the  pre- 
cipitate reappears  as  the  mixture  cools. 

Solution  of  cupric  sulphate  gives  a  heavy,  greenish  white  precipi* 
tate  when  added  to  an  aqueous  solution  of  protocaseose. 

As  already  stated,  the  first  precipitates  of  protocaseose  obtauied 
by  saturating  the  neutralized  digestive  fluid  with  salt,  were  not  ec- 
tirely  soluble  in    water;    a    small    residue    remained,  apparently 

♦  See  Chittenden  and  Painter.  Studies  from  Laboratory  of  Physiological  i^' 
istry,  Yale  University,  vol.  ii,  p.  197. 
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wholly  insoluble.  This  residue,  which  by  analogy  should  consist  of 
betero  and  dyscaseose  was  somewhat  soluble  in  salt  solution  and 
wholly  soluble  in  dilute  sodium  carbonate  and  dilute  acid,  both  acetic 
and  hydrochloric,  even  dissolving  in  0*2  per  cent,  hydrochloric  acid. 
It  was  dissolved  in  sodium  carbonate,  the  fluid  neutralized  without 
giving  any  precipitate,  and  dialyzed  until  the  sodium  chloride  was 
entirely  removed.  The  neutral  and  clear  fluid  was  then  concentrated 
to  a  syrup,  precipitated  by  alcohol  and  the  precipitate  dried  at  110°  C. 
On  treatment  with  cold  water,  it  was  now  found  soluble  to  a  large 
extent,  though  a  certain  amount  of  gummy  matter  was  still  insolu- 
ble. The  soluble  portion  showed  all  of  the  reactions  of  the  proto 
body ;  the  solution  being  rendered  turbid  by  heat,  clear  again  on 
cooling,  and  giving  in  the  cold  a  heavy  precipitate  with  nitric  acid, 
soluble  when  heated.  This  behavior  of  the  insoluble  heterocaseose 
towards  dilute  sodium  carbonate  would  seem  to  imply  a  conversion 
of  this  substance  into  protocaseose,  or  perhaps  a  reconversion  of  the 
coagulated  heterocaseose  dyscaseose,  into  heterocaseose  proper. 

Acetic  acid  precipitate. 

On  adding  a  little  30  per  cent,  acetic  acid  to  the  original  salt- 
saturated  filtrate  from  the  first  sodium  chloride  precipitate  of  proto- 
caseose, etc.,  a  heavy,  flocculent  precipitate  settled  out,  which  in 
amount  far  exceeded  the  protocaseose  and  which  on  standing,  soon 
became  gummy.  £xcess  of  acid  was  avoided,  as  the  precipitate 
was  somewhat  soluble  in  a  large  amount  of  the  reagent.  The 
gummy  mass,  after  being  washed  as  thoroughly  as  possible  with 
saturated  salt  solution,  was  treated  with  cold  water,  in  which  the 
greater  portion  of  the  substance  dissolved,  the  solution  made  neu- 
tral, dialyzed,  concentrated  to  a  syrup,  and  the  substance  precipitated 
with  alcohol.  It  was  then  thoroughly  extracted  with  ether  and 
finally  dried  at  110°  C. 

In  reactions,  it  diflTered  decidedly  from  protocaseose;  in  water 
it  was  quickly  and  completely  soluble  and  the  solution  when  heated 
gave  no  coagulum  whatever,  or  at  the  most  only  the  slightest  ap- 
proach to  a  turbidity. 

Dilute  nitric  acid,  in  the  cold,  gave  no  precipitate ;  when  heated,  the 
acid  fluid  changed  to  a  reddish  yellow  color,  which  quickly  turned 
yellow. 

With  acetic  acid,  an  aqueous  solution  of  the  substance  remained 
perfectly  clear.  Potassium  ferrocyanide,  however,  when  added  to 
the  acid  fluid  gave  a  heavy  precipitate. 
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Saturation  of  the  aqueous  solution  with  salt  gave  a  slight  tarbidhj. 
Cuprio  sulphate  gave  a  heavy  precipitate,  soluble  in  excess. 
On  analysis,  the  substance  gave  the  following  results,  which  sbot 
a  composition  quite  different  from  that  of  protocaseose. 

Acetic  Acid  Precipitate  A, 

I.  0-4629  gram  substance  gave  0-2812  gram  H,0=6-74  per  cent 
H  and  0-8608  gram  0O,=60-71  per  cent.  C. 

IL  0-3277  gram  substance  gave  0-1977  gram  H,O=6*70  per  ceuL 
H  and  0-0050  gram  CO,=50-34  per  cent.  C. 

III.  0-4253  gram  substance  gave  53-1  c  c.  N  at  130** C.  and  761  ^ 
mm  pressure=  16-01  per  cent  N. 

IV.  0-4843  gram  substance  gave  60-8  c.  c.  N  at  \Z'(f  C.  and 
760-8  mm  pressure= 15-07  per  cent.  N. 

V.  0-3649  gram  substance  gave  0-0108  gram  ash =2 -96  per  cenu 

VI.  0-3947  gram  substance  gave  0-0124  gram  ash=3-14  percent 

Percentage  composition  of  ash-free  substance. 

Average. 

C  52-30  51-92  ....  5B*10 

H  6-96  6-90  ....  e-BS 

N  ....  ....  15-48  15-54  15'5l 

As  previously  stated,  the  above  original  precipitate  produced  bv 
acetic  acid  was  not  entirely  soluble  in  water.  A  small  residoe 
remained,  which  after  being  washed  with  water  was  dissolved  m 
dilute  sodium  carbonate,  and  the  solution  neutralized  with  diht* 
hydrochloric  acid,  without  yielding  any  neutralization  precipiUie. 
The  solution  was  then  dialyzed,  concentrated  to  a  syrup  and  the 
substance  precipitated  by  alcohol.  It  was  now  found,  to  a  grett 
extent,  soluble  in  water,  the  solution  showing  no  turbidity  bj  he«4 
and  giving  no  precipitate  with  nitric  acid.  Cupric  sulphate  ga^f  * 
heavy  precipitate,  and  dilute  acetic  acid  added  to  the  aqueons  solu- 
tion produced  quite  a  heavy  precipitate,  not  readily  soluble  in  excess 
of  the  acid.  The  amount  of  substance  was  too  small  to  admit  <•/ 
analysis,  and  the  reactions  are  hardly  sufficient  to  identify  it  It  i* 
evidently  not  heterocaseose,  for  it  is  only  the  acetic  acid  compoond 
that  is  insoluble  in  water,  not  the  caseose  substance  itself.  Id  mauj 
respects  it  appears  like  casein  dyspeptone,  and  as  this  gnbrttoc* 
is  precipitated  by  saturation  of  its  aqueous  solution  with  aramonini? 
sulphate  and  not  by  sodium  chloride,  the  presence  of  a  trace  ot  th» 
body  might  not  be  impossible. 
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Ammonium  sulphate  precipitate. 

On  adding  ammonium  sulphate  in  substance  to  the  above  salt- 
^tnrated  acetic  acid  fluid,  a  slight  gummy  precipitate  was  obtained, 
readily  and  completely  soluble  in  water,  and  which,  after  removal  of 
the  salts  by  dialysis  and  concentration  of  the  fluid,  was  precipitated 
by  alcohol.  In  reactions  it  did  not  differ  materially  from  the  body 
obtained  by  precipitation  with  acetic  acid,  except  that  with  cupric 
sulphate  only  a  slight  precipitate  was  produced.  With  acetic  acid 
and  potassium  ferrocyanide,  on  the  other  hand,  a  distinct  precipitate 
was  obtained,  while  with  nitric  acid  in  the  cold  no  turbidity  whatever 
was  produced. 

In  composition,  however,  it  differed  decidedly  from  the  preceding 
preparations,  although  as  it  contained  considerable  ash,  nearly  10  per 
cent.,  the  result  perhaps  can  be  considered  only  as  an  approximation 
to  the  truth. 

Following  is  the  percentage  composition  of  the  ash-free  substance : 


Average. 
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This  body,  which  by  analogy  should  be  nearly  pure  deutero- 
caseose,  evidently  approaches  much  nearer  to  our  conception  of  a 
true  casein  peptone  than  any  of  the  preceding  preparations.  Another 
body,  however,  has  been  obtained  with  a  still  lower  content  of 
carbon  and  with  reactions  still  more  closely  approximating  to  true 
peptone. 

In  the  first  precipitation  of  the  caseoses  from  this  digestion  by 
saturation  of  the  original  fluid  with  ammonium  sulphate,  it  will  be 
remembered  that  a  small  amount  of  a  second  gummy  precipitate  was 
obtained  on  heating  the  cold  saturated  ammonium  sulphate  filtrate. 
This  gummy  precipitate  of  a  caseose  body,  after  purification  by 
dialysis  and  precipitation  with  alcohol,  was  found  to  consist  of  a 
substance  extremely  soluble  in  water,  the  solution  giving  no  precipi- 
tate with  acetic  acid  and  potassium  ferrocyanide,  neither  with  nitric 
acid  nor  with  cupric  sulphate.  After  being  dried  at  110**  C.  it  gave 
on  analysis  the  following  results  : 

I.  0-7280  gram  substance  gave  0*4239  gram  Il30=6-46  per  cent. 
H  and  1*2160  grams  C03  =  45-54  per  cent.  C. 

II.  0*5020  gram  substance  gave  0-2906  gram  H,O=6'40  per  cent. 
U  and  0-8442  gram  CO,  =  45 -85  per  cent.  C. 
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ni.  0-3291  gram  substance  gave  42-1  c.  c.  N  at  139**  C.  and 
756  mm  pressure =15*33  per  cent.  N. 

IV.  0-6835  gram  substance  gave  87*0  c.  c.  N  at  14-5°  C.  aod 
766  mm  pre8sure= 15*30  per  cent.  N. 

V.  0-6370  gram  substance  gave  0*0230  gram  a8h=4*28  per  cent 

VI.  0-3525  gram  substance  gave  0*0154  gram  a8h=4*36  percent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C  47-57  47-87  ....  ....  47'7g 

H  6-75  6-70  ....  ....  6-73 

N  ...  ....  15*99  15-96  15'97 

This  substance,  since  it  is  precipitable  by  ammonium  sulphate, 
cannot  be  considered  a  true  peptone,  yet  in  composition  it  closely 
approaches  both  the  ampho-  and  antipeptone  from  fibrin,*  which  it 
also  resembles  somewhat  in  reactions,  except  in  its  behavior  towards 
ammonium  sulphate. 

It  is  thus  evident  from  the  foregoing,  that  in  this  active  and  com- 
paratively long  continued  digestion  there  is  a  much  smaller  amooot 
of  protocaseose  present  than  was  found  in  our  former  experimenti. 
Indeed,  deuterocaseose  appears  to  predominate,  while  at  the  same 
time  the  protocaseose  is  modified  both  in  composition  and  reactions, 
due  in  part  without  doubt,  to  adhering  beterocaseose.  Further, 
we  are  inclined  to  consider  the  presence  of  at  least  two  forms  of  den- 
terocaseose.  We  have  generally  considered  that  a  proto  body  is  never 
completely  precipitated  by  saturation  of  its  aqueous  solution  with 
salt,  and  that  consequently  the  precipitate  produced  by  acid  in  the 
salt-saturated  fluid  must  be  a  mixture  of  proto  and  deuteroproteoae,  and 
this  we  have  usually  found  to  be  the  case.  In  the  present  diges- 
tion, however,  the  acetic  acid  precipitate  contained  only  a  very  small 
amount  of  protocaseose,  for  as  previously  stated  this  precipitate  when 
purified  gave  only  a  slight  turbidity  on  saturation  of  its  aqueous  solo- 
tion  with  salt  and  no  precipitate  whatever  with  nitric  acid ;  both  of 
which  reactions  would  indicate  freedom  from  any  large  amount  of  pro- 
tocaseose. This  view  is  further  substantiated  by  the  great  difference 
in  the  percentage  of  carbon  of  the  two  bodies.  To  be  sure  we  have, 
with  Neumeister,  looked  on  the  cupric  sulphate  reaction  as  a  means* 
of  distinguishing  between  proto  and  deuteroalbumose,  but  it  does 
not  necessarily  follow  that  the  same  reaction  will  hold  good  for  all 
proteoses.     The  acetic  acid   precipitate  does  indeed  give  a  strong 


♦  Kiihne  and  Chittenden,  Studies,  vol.  ii,  p.  40. 
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reaction  with  cupric  sulphate,  but  the  striking  differences  in  composi- 
tion and  reactions  between  the  purified  sodium  chloride  precipitate 
and  the  acetic  acid  precipitate  (when  freed  from  acid)  point  to  a 
totally  different  nature,  and  we  are  inclined  to  consider  the  latter  as 
a  dentero  body,  probably  contaminated  with  a  little  protocaseose, 
and  for  convenience  we  propose  to  call  it  a  deuterocaseose. 

It  is  unquestionably  very  difficult,  if  not  almost  impossible,  to  isolate 
the  individual  caseoses  in  a  state  of  perfect  purity.  Whenever  one 
is  precipitated,  it  usually  brings  down  with  it  more  or  less  of  any 
other  caseose  present  and  such  admixtures  are  very  hard  to  remove. 
It  is,  we  think,  owing  to  this  fact  that  we  have  not  been  able  to 
obtain  a  deuterocaseose  sufficiently  free  from  protocaseose  as  not  to 
give  any  precipitate  on  saturation  with  sodium  chloride. 

That  form  of  caseose  in  this  digestion  which  was  not  precipitated 
by  salt,  or  by  salt  and  acetic  acid,  but  which  appeared  on  addition  of 
ammonium  sulphate  in  the  cold,  is  probably  a  mixture  of  a  deutero  and 
and  what  we  terra  /3  deuterocaseose,  with  possibly  an  intermediate 
body. 

The  name  fi  deuterocaseose,  we  apply  to  that  caseose  not  readily 
precipitable  by  saturation  with  ammonium  sulphate  in  the  cold,  and 
which  is  generally  found  in  a  greater  or  less  quantity  in  the  filtrate 
from  the  precipitate  produced  by  saturation  with  ammonium  sulphate. 
It  is  precipitated  fairly  pure,  as  a  sticky  gum,  by  simply  boiling  the 
saturated  ammonium  sulphate  filtrate  and. is  especially  characterized 
by  its  low  content  of  carbon,  and  by  its  non-precipitation  with  acetic 
acid  and  potassium  ferrocyanide,  with  nitric  acid,  and  with  cupric  sul- 
phate. It  stands,  unquestionably, '  nearer  to  peptone  than  a  deu- 
terocaseose and  is  doubtless  formed  from  the  latter  by  the  continued 
action  of  the  ferment. 

Digestion  B, 

In  this  digestion,  2  kilos,  of  moist  casein  were  warmed  at  40°  C. 
for  eight  days,  with  about  5  litres  of  0*4  per  cent,  hydrochloric  acid 
containing  an  active  pepsin  solution,  after  which  the  mixture  was 
partially  neutralized  with  sodium  carbonate  and  filtered  from  the 
dyspeptone.  The  clear  fluid  was  then  made  exactly  neutral  (no  neu- 
tralization precipitate)  and  concentrated  to  a  thin  syrup.  When  cold, 
proto  and  heterocaseose  were  directly  precipitated  by  saturation 
of  the  solution  with  salt.  Protocaseose  was  purified  by  repeated 
precipitation  with  salt,  etc.,  as  described  under  A.  In  this  process, 
the  same  insoluble  residues  of  hetero  and  dyscaseose  were  met  with 
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as  in  the  previous  digestion.  The  purified  protocaseose  showed  the 
same  peculiar  reactions  as  protocaseose  A.^  viz:  with  nitric  acid  a 
heavy  white  precipitate,  soluble  on  warming;  with  heat  alone,  a  dis- 
tinct turbidity  or  coagulum,  disappearing  as  the  solution  cooled ;  tn<i 
giving  with  a  large  amount  of  water  a  more  or  less  turbid  fluid,  frotc 
which  on  standing  a  little  gummy  matter  separated. 

Dried  at  110°  C.  and  analyzed,  the  following  results  were  obtained. 

Protocaseose  Ji. 

I.  03470  gram  substance  gaveO'2192  gram  H,O=T-02  per  cent.  E 

II.  0*2935  gram  substance  gave  0*1854  gram  ^1,0=7*01  jjerceni. 
H  and  0*5779  gram  CO,=53*69  per  cent.  C. 

III.  0*2952  gram  substance  gave  0*5853  gram  CO,=54*0T  per 
cent.  C. 

IV.  0-2989  gram  substance  gave  38*6  c.  c.  N  at  13*8°  C.  tmi 
760*1  mm  pressure  =15*52  per  cent.  N. 

V.  0*5564  gram  substance  gave  72*8  c.c.  N  at  13*1°  C.  i»d 
760*1  mm  pressure  =15*69  per  cent.  N. 

VI.  0*3594  gram  substance  gave  0*0047  gram  ash=r30  percent, 

VII.  0*3523  gram  substance  gave  0*0045  gram  ash  =  1-27  per 
cent. 

Percentage  composition  of  ash-free  substance. 

C  ....  54-77  54-89  5458 

H  710  709  710 

N  ....  ....  ....  15-71  15*90  15W 

In  composition,  therefore,  as  in  reactions,  this  body  is  apjiarenlly 
identical  with  protocaseose  A, 

In  the  original  salt-saturated  filtrate  from  protocaseose,  acetic 
acid  produced  a  heavy,  gummy  precipitate,  which  was  dissolved  in 
water  and  purified  in  the  same  manner  as  the  corresponding  body  in 
digestion  A.  Like  the  latter,  it  was  readily  and  completely  soiaWe 
in  water,  the  solution  giving  no  turbidity  whatever  by  heat,  nor  oc 
the  addition  of  either  nitric  or  acetic  acid.  With  cupric  sulphate,  a 
heavy  precipitate  was  formed,  as  also  with  acetic  acid  and  pouu^^iuri 
ferrocyanide. 

Dried  at  110*  C.  it  gave  the  following  results  on  analysis: 

Acetic  acid  precipitate  B. 
I.     0*3429  gram  substance  gave  0*2067  gram  H,0=6*66  |)€t  ceo!. 
H  and  0*6315  grain  CO,=50*22  per  cent.  C. 
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II.  0*4345  gram  substance  gave  0*2784  gram  H,0=6*72  per  cent. 
H  and  0-8368  gram  CO,=50-48  per  cent.  0. 

IIL  0*3316  gram  substance  gave  43*6  c.  c.  N  at  13*7°  C.  and 
756*3  mm  pre88iire=  16*70  per  cent.  N. 

IV.  0*3258  gram  substance  gave  43*1  c.  c.  N  at  13  ^'^  C.  and  759*1 
mm  pre88ure= 15*86  per  cent.  N. 

V.  0*8306  gram  substance  gave  0*0126  gram  ash=8*81  per  cent. 

VI.  0*2262  gram  substance  gave  0*0085  gram  ash =3*76  per  cent. 

Percentage  composition  of  aihrfree  stibBtance. 

Average. 
C  5217  62*48  ....  ....  Sf'SO 

H  6*93  6*99  ....  ....  6-95 

N  ....  ....  16*82  16*49  16'40 

This  body  appears  to  differ  from  a  deuterocaseose  obtained  in 
digestion  A  by  nearly  1  per  cent  of  nitrogen,  but  in  all  other  respects 
is  practically  identical  with  it. 

As  in  digestion  A,  the  precipitate  first  obtained  by  the  addition  of 
acetic  acid  was  not  entirely  soluble  in  water,  a  residue  remained 
soluble  in  dilute  sodium  carbonate,  and  which  comported  itself 
exactly  like  the  insoluble  residue  obtained  in  the  preceding  diges- 
tion, apparently  being  a  trace  of  casein  dyspeptone. 

The  original  filtrate  from  the  above  acetic  acid  precipitate,  on 
saturation  with  ammonium  sulphate,  gave  an  additional  precipitate, 
hardly  sufficient  for  analysis,  but  which  when  purified  proved  to  be 
identical  with  the  corresponding  body  from  A  and  like  it  giving 
with  cupric  sulphate  only  a  very  slight  precipitate. 

It  is  thus  seen  that  in  a  vigorous  pepsin  digestion  of  casein  there 
are  formed,  in  addition  to  dyspeptone  and  heterocaseose,  at  least  three 
distinct  caseoses  all  soluble  and  differing  from  each  other  both  in 
composition  and  reactions.  As  compared  with  casein,  protocaseose 
is  somewhat  peculiar  in  containing  a  higher  percentage  of  carbon 
than  the  mother  substance.  All  of  the  other  products  show  a  very 
much  smaller  content  of  carbon.  The  relative  composition  of  the 
products  is  shown  in  the  following  table : 

ProiO'         ProUh       a  Deuiero-    a  Deutero-     P  DeuUro- 


Ccaein. 

caseoae 

easeoM 

caaeoae 

COS608C 

eaaeoae 

A. 

B, 

A, 

B, 

A, 

c 

58-80 

54-61 

54*58 

52-10 

52-80 

47-72 

H 

707 

7*11 

7-10 

6-98 

6-95 

6-78 

N 

15-91 

15-99 

15-80 

15-51 

16*40 

15-97 
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Protocaseose  agrees  closely  in  its  content  of  carbon  with  the 
"  propeptone  I  "  of  Tbierfelder.*  This  investigator  has  Bepanrted 
from  a  pepsin  digestion  of  casein,  by  a  process  similar  to  our  method 
of  separating  the  proto  body,  a  substance  to  which  he  givw  the 
above  name  and  which  contained  64*63  per  cent,  of  carbon  and  T'45 
per  cent,  of  hydrogen.  In  reactions  it  was  similar  to  protocaseose, 
except  that  aqueous  solutions  of  the  substance  remained  perfectly 
clear  on  warming.  Nitrogen  was  not  determined.  Tbierfelder  iko 
separated  from  the  filtrate  from  his  "  propeptone  I,"  a  second  body, 
by  addition  of  hydrochloric  acid,  to  which  he  gives  the  name** pro- 
peptone II."  This  substance,  which  corresponds  to  our  a  deutero- 
caseose,  he  found  to  contain  49'8  per  cent,  carbon,  718  per  cent 
hydrogen  and  14*23  per  cent,  nitrogen.  Judging  from  the  method 
of  separation,  however,  the  body  analyzed  must  have  been  an  acid 
compound  of  the  caseose  and  not  the  caseose  body  itself.  In  ^ea^ 
tions,  so  far  as  they  are  given,  the  substance  was  not  different  from 
a  deuterocaseose. 

h.  Caseoses  from  WeyV 8  casein  p^tone. 

This  commercial  product,  sent  to  us  from  Grermany,  we  ha\e 
examined  according  to  the  foregoing  methods  and  have  found  it,  35 
might  be  expected,  composed  almost  entirely  of  caseoses.  Itwu 
completely  soluble  in  water  and  gave  with  acetic  acid  a  slight  tur- 
bidity, somewhat  increased  by  addition  of  potassium  ferrocyanide. 
By  saturation  of  its  aqueous  solution  with  sodium  chloride,  only  i 
comparatively  small  precipitate  was  obtained,  greatly  increased,  how- 
ever, by  addition  of  acetic  acid. 

200  grams  of  the  powder  were  dissolved  in  water  and  the  caseose* 
precipitated  collectively  by  saturation  of  the  fluid  with  ammonhuB 
sulphate,  in  the  form  of  a  heavy  gummy  precipitate.  On  healing 
the  filtrate  from  this  precipitate  of  caseoses  until  a  crust  of  ammo- 
nium  sulphate  formed  on  the  surface  of  the  hot  fluid,  a  seoowi 
gummy  precipitate  gradually  separated,  which  after  purificaUon  by 
dialysis,  etc.,  was  finally  precipitated  by  alcohol,  and  a  portion  dried 
at  HO*'  C.  for  analysis. 

This  substance,  representing  a  form  of  caseose  not  readily  predpi* 
table  by  ammonium  sulphate  and  thus  indicating  its  close  approach 
to  true  peptone,  is  apparently  identical  with  the  ft  deuterocaseo** 
similarly  obtained  in  our  own  digestion,  but  present  here  in  much 


♦  Zeltschrlft  fiir  physiologische  Chemie,  Band  x,  p.  585. 


and  Casein  Peptone.  91 

larger  quantity.  Id  water  it  was  readily  and  completely  soluble, 
the  solation  giving  no  turbidity  whatever  by  heat,  nor  with  dilute 
oitric  acid.  With  cupric  sulphate  only  a  very  slight  turbidity  was 
produced,  and  with  acetic  acid  and  potassium  ferrocyanide  a  corre- 
spondingly slight  turbidity.  Its  aqueous  solution  on  being  saturated 
with  salt  and  then  made  slightly  acid  with  acetic  acid  showed  a  small 
flocculent  precipitate,  doubtless  representing  the  substance  wnich 
gave  the  slight  turbidity  with  cupric  sulphate  and  potassium  ferro- 
cyanide, viz  :  a  deuterocaseose.  On  analysis  the  following  results 
were  obtained  : 

/S  deuterocaseose  from  WeyVs  casein  peptone. 

I.  0*3641  gram  substance  gave  0*2121  gram  H,0=:]'47  per  cent. 
H  and  0*6087  gram  CO,=46*68  per  cent.  C. 

IL  0*4600  gram  substance  gave  0*2708  gram  H,0=6*54  per  cent. 
H  and  0*7662  gram  CO, =45*36  per  cent.  C. 

in  0-3298  gram  substance  gave  42*2  c.  c.  N  at  13*9°  0.  and 
755*4  mm  pressure  =15*31  per  cent.  N. 

TV.  0*3418  gram  substance  gave  43*5  c.  c.  N  at  14*4°  C.  and 
756*1  mm  pressure  =15*31  per  cent.  N. 

V.  0*3514  gram  substance  gave  0*0153  gram  ash  =4  35  per  cent. 

VX  0*3599  gram  substance  gave  00155  gram  ash  =4*30  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C  47-61  47*40  ....  ....  47'50 

H  6*76  6*88  ....  ..-.  6'79 

N  ....  ....  16*00  15*84  15'9S 

In  composition,  therefore,  as  well  as  in  reactions,  this  body  re- 
sembles the  ft  deutero  described  under  Ay  and  like  it  is  especially 
characterized  by  its  exceedingly  low  percentage  of  carbon. 

From  the  first  ammonium  sulphate  precipitate  of  caseoses,  proto- 
caseose  was  separated  by  saturation  of  the  aqueous  solution  of  the 
above  precipitate  with  salt.  As  in  similar  precipitates  from  the 
preceding  digestions,  there  was  considerable  heterocaseose  present, 
showing  itself  as  an  insoluble  residue  when  the  sodium  chloride  pre- 
cipitate was  dissolved  in  water  for  reprecipitation.  Purified  after 
the  methods  previously  described,  the  protocaseose  showed  the  usual 
reactions  characteristic  of  this  body,  its  aqueous  solution  growing 
turbid  when  heated,  giving  a  precipitate  with  nitric  acid,  etc. 

Dried  at  110°  C.  it  gave  on  analysis  the  following  results : 


c 

58*98 

54-08 

H 

7-01 

6-84 

N 
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Protocaseose^  from  WeyP 8  casein  peptone. 

I.  0*4291  gram  substance  gave  0*2697 grain  H,0=6*72  percent. 
H  and  08140  gram  CO,=61-70  per  cent.  C. 

II.  0*3647  gram  substance  gave  0*2155  gram  H,0=6-56  percent 
H  and  0*6935  gram  CO,=5l*85  per  cent.  C. 

III.  0*4115  gram  substance  gave  52*5  c.  c.  N  at  13*6**  C.  and 
760*8  mm  pressure= 15*11  per  cent  N. 

IV.  0*7730  gram  substance  gave  96*9  c.  c.  N  at  13*8°  C.  and  761-2 
mm  pressure=  15*10  per  cent  N. 

Y.  0*2901  gi'am  substance  gave  0*0121  gram  ash^4*16  per  cent 
VI.  0*2959  gram  substance  gave  0*0120  gram  ash=:4*05  per  cent 

Percentage  composition  of  cuh-free  substance. 

Average. 

54'01 

S'9S 

15*75  15*70  15-72 

Addition  of  salt-saturated  acetic  acid  to  the  filtrate  from  pruto- 
caseose,  gave  a  moderately  heavy,  gummy  precipitate  which,  after 
purification  and  removal  of  the  acid,  was  completely  soluble  iu 
water,  the  solution  showing  no  turbidity  by  heat,  but  giving  a  slighi 
turbidity  with  dilute  nitric  acid.  It  gave  all  of  the  reactions  men- 
tioned  as  characteristic  of  this  precipitate.      It   was   not  analyied. 

The  original  filtrate  from  the  acetic  acid  precipitate  gave  on  sat- 
uration with  ammonium  sulphate,  a  small  gummy  precipitate  whicb 
after  purification  was  found  wholly  soluble  in  water,  the  solution 
giving  no  turbidity  by  heat  and  no  precipitate  with  nitric  or  acetk 
acid.  With  acetic  acid  and  potassium  ferrocyanide,  however,  a  dis- 
tinct turbidity  was  produced  and  with  cupric  sulphate  a  heavy  pre- 
cipitate.    The  substance  was  not  analyzed. 

It  is  thus  evident  that  Weyl's  so-called  casein  peptone,  however  it 
may  be  prepared,  contains  essentially  the  same  kind  of  caseose^ 
found  in  our  own  digestions  with  pepsin-hydrochloric  acid.  In  addi- 
tion, a  small  amount  of  a  substance  was  found  not  precipitable  bj 
saturation  with  ammonium  sulphate  and  which  gave  no  preci{»tst« 
with  nitric  or  acetic  acid,  nor  with  acetic  acid  and  potassium  fenv- 
cyanide,  and  with  cupric  sulphate  only  a  slight  turbidity.  Thir 
body,  which  doubtless  was  amphopeptone  mixed  with  a  litUt 
caseose,  was  obtained  in  too  small  quantity  for  analysis. 
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c.  Caseosea  formed  by  dilute  sulphuric  acid  at  100°  C. 

Two  kilos,  of  pure  moist  casein  were  heated  in  a  flask  with  2 
litres  of  water  and  100  grams  of  pure  sulphuric  acid  at  100°  C.  for 
seven  hours.  The  residue  of  casein  and  antialhumid  was  again 
warmed  with  a  like  amount  of  fresh  acid  and  water  for  six  hours. 
The  acid  fluids  were  united,  neutralized  with  sodium  carbonate  with-. 
oQt  giving  any  noticeable  precipitate,  and  then  evaporated  until 
moderately  concentrated.  On  cooling,  considerable  tyrosin  and 
leacin  crystallized  from  the  fluid.  With  cupric  sulphate,  the  solution 
gave  a  heavy  precipitate  which  dissolved  in  sodium  hydroxide  with 
a  reddish  color.  Sodium  chloride  and  ammonium  sulphate  both  pro- 
daced  heavy  precipitates  when  added  to  saturation. 

The  caseoses  were  separated  from  the  fluid  by  saturation  in  the 
eold  with  ammonium  sulphate,  and  from  this  precipitate,  protocaseose 
was  separated  by  solution  in  water  and  precipitation  with  sodium 
chloride.  The  sodium  chloride  precipitate  was  dissolved  in  water, 
the  substance  reprecipitated  by  saturation  with  salt,  and  again  dis- 
solved in  water  to  which  a  trace  of  sodium  carbonate  was  added 
to  make  the  mixture  quite  neutral.  On  dialysis,  a  small  amount  of 
gummy  beterocaseose  separated,  mixed  with  a  little  tyrosin.  The 
clear  fluid,  now  free  from  salts,  was  concentrated  on  a  water-bath. 
As  the  evaporation  advanced,  a  brown  gummy  mass  settled  out, 
which  was,  however,  readily  soluble  in  cold  water,  for  as  the  concen- 
trated fluid  cooled  at  night  the  gummy  matter  entirely  disappeared, 
reappearing  as  the  fluid  was  again  heated.  The  final  concentrated, 
fluid  was  treated  with  alcohol,  the  gummy  precipitate  boiled  with 
alcohol  repeatedly  to  free  it  from  any  adhering  tyrosin,  and  finally 
extracted  with  ether  and  dried  at  110°  0. 

Analyzed,  it  gave  the  following  results  : 

Protocaseose^  formed  by  sulphuric  acid, 

I.  0*4405  gram  substance  gave  0.2718  gram  H,0=6*85  per  cent. 
II  and  0*8756  gram  CO,=54-20  per  cent.  C. 

II.  0-3783  gi-am  substance  gave  0*2341  gram  H,0=6*87  per  cent. 
Hand  0.7604  gram  CO,=54-81  per  cent.  C. 

in.  0-3786  gram  substance  gave  48-3  c.  c.  N  at  17*5®  C.  and  753-4 
mm  pressure  =  14-93  per  cent.  N. 

IV.  0-3780  gram  substance  gave  47*8  c.  c.  Nat  17-0°  C.  and  754*0 
ram  pressure=  14-84  per  cent.  N. 

V.  0-3701  gram  substance  gave  0*0113  gram  ash =3*05  per  cent. 
VL  0*5112  gram  substance  gave  0-0154  gram  ash=:3*02  per  cent. 
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Percentage  composition  of  ash-free  substance. 

Average. 

C  55-90  56-50  56'SO 

H  707  709  7-08 

N  ...  ...  15-40  15-81  15'S6 

After  being  dried  at  110^  0.  the  substance  dissolved  with  diffi- 
culty in  water,  leaving  a  large  residue,  but  was  readily  and  com- 
pletely soluble  in  0*2  per  cent,  hydrochloric  acid  and  in  0*2  percent 
sodium  carbonate.  From  the  alkaline  solution  it  was  reprecipitsied 
by  hydrochloric  acid,  and  not  readily  dissolved  by  an  excess  of  the 
acid.  Aqueous  solution  of  the  substance  was  rendered  turbid  by  heal, 
the  turbidity  disappearing  as  the  solution  cooled.  With  dilate  nitnc 
acid,  a  white  precipitate  was  formed,  readily  soluble  on  warming  and 
reappearing  as  the  solution  cooled.  Acetic  acid  and  potassium  ferro- 
cyanide  gave  a  heavy  precipitate. 

Thus  in  many  respects  this  body  resembles  protocaseoee  formed 
by  pepsin-hydrochloric  acid,  but  is  apparently  characterized  by  a 
somewhat  higher  percentage  of  carbon. 

The  filtrate  from  the  original  sodium  chloride  precipitate,  treated 
with  salt-saturated  30  per  cent  acetic  acid,  gave  a  flocculent,  chang- 
ing to  gummy  precipitate  which  was  readily  and  completely  solublt 
in  water.  The  solution  made  exactly  neutral  was  dialyzed  without 
showing  any  evidence  of  a  hetero-like  body,  finally  concentrated  and 
pretjipitated  by  alcohol.  After  being  dried  at  1 10°  C,  the  substanee 
^was  only  partially  soluble  in  water.  The  aqueous  solution  was  res- 
dered  turbid  by  heat,  clear  again  on  cooling,  and  gave  with  nttric 
acid  a  heavy  white  precipitate  as  also  with  acetic  acid  and  potafiBiam 
ferrocyanide. 

Analyzed,  it  gave  the  following  results  : 

Acetic  acid  precipitate  of  caseoae  (a  deuterocaaeose  ?)  formed  by 
dilute  sulphuric  acid. 


ceat. 
ceot 


I.  0-4066  gram  substance  gave  0*2383  gram  H,0=6-62  per 
U  and  0-7733  gram  CO,=5l-99  per  cent.  C. 

II.  0-4697  gram  substance  gave  0*2740  gram  H,0=6*48  per 
H  and  0-8910  gram  CO,=61-73  per  cent.  C. 

III.  0-5379  gram  substance  gave  66*5  c.  c  N  at  14-9''  C.  and  75M 
mm  pre8sure=14'68  per  cent.  N. 

IV.  0-4150  gram  substance  gave  0*0210  gram  ash=:5'06  per  cent 
Y.  0-5136  gram  substance  gave  0*0247  gram  a8h=:4*80  per  cenk 
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Pereentixge  oomposition  of  ash-free  substance. 

Average. 
C             54-68  64-43  ....  54'55 

H               6-86  6-81  ....  6'8A 

N  ....  15-33  15'3S 

This  caseose,  instead  of  being  a  pure  deutero  body,  appears  to  be 
a  mixtare  of  proto  and  a  dentero  as  indicated  by  its  behavior  towards 
heat  and  nitric  acid ;  indeed,  the  behavior  of  this  acetic  acid  precipi- 
tate resembles  the  acetic  acid  precipitate  of  caseose  obtained  in  our 
previous  work,  where  the  two  bodies  were  plainly  precipitated  to- 
gether. In  composition,  while  it  agrees  closely  with  protocaseose 
formed  by  pepsin-hydrochloric  acid,  it  has  a  higher  content  of  carbon 
than  the  corresponding  a  deutero,  but  bears  about  the  same  relation 
to  the  sulphuric  acid  protocaseose  as  the  a  deutero  formed  by  pepsin 
to  its  corresponding  protocaseose. 

On  boiling  the  original  ammonium  sulphate-saturated  filtrate,  a 
second  gummy  precipitate  gradually  separated  from  the  hot  fluid. 
This  caseose,  after  purification  by  the  usual  methods  and  drying 
at  110**  C,  was  entirely  soluble  in  hot  and  cold  water,  and 
was  especially  characterized  by  yielding  with  acetic  acid  a  heavy 
white  precipitate,  soluble  in  excess  of  the  acid.  With  nitric  acid  it 
also  gave  a  white  precipitate,  soluble  in  excess  of  acid.  Cupric 
sulphate  likewise  gave  a  heavy  precipitate.  The  cold  water  solution 
was  not  rendered  turbid  by  heat. 

Analyzed  it  gave  the  following  results : 

/?  deuterocaseosCy  formed  by  dilute  sulphuric  acid, 

L  0-3962  gram  substance  gave  0-2308  gram  H30=6*49  per  cent. 
H  and  0*7282  gram  CO,=60-25  per  cent.  C. 

IL  0-3518  gram  substance  gave  0*2064  gram  H,0=6-51  per  cent. 
H  and  0*6440  gram  CO,=49-92  per  cent.  C. 

III.  0-4727  gram  substance  gave  59-2  c.  c.  N  at  15-0°  C.  and 
754*9  mm  pressure  =  14*81  per  cent.  N. 

IV.  0-4279  gram  substance  gave  0-0233  gram  ash  =  5-44  per  cent. 

V.  0-5184  gram  substance  gave  0-0219  gram  ash  =  5*38  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C           58*10  52-77  ....  62-93 

H            e*86  e-89  ....  6-87 

N  ....'  15.66  15*66 
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Thus,  this  body,  which  corresponds  to  the  /?  deuterocaseose 
formed  by  pepsin-acid,  has  a  relatively  higher  content  of  carbon  and 
also  varies  in  certain  of  its  reactions,  which  resemble  rather  those 
of  a  dentero,  and  even  the  protocaseose  of  a  pepsin  digestion,  than 
those  of  a  genuine  ft  deutero. 

Altogether,  the  three  caseoses  separated  from  the  sulphuric  acid 
solution  of  casein,  while  showing  a  certain  general  relationship  to 
the  caseoses  formed  by  pepsin-hydrochlonc  acid,  are  sufficiently 
different  in  their  individual  reactions  to  suggest  at  least  some  differ- 
ence in  their  nature. 

d,   Ca8eo8e8  formed  by  the  action  of  trypsin. 

In  subjecting  casein  to  the  action  of  trypsin,  care  was  taken  that 
the  ferment  solution  should  be  as  free  as  possible  from  all  products 
of  the  self-digestion  of  the  pancreatic  tissue.  Dried  pancreas  from 
the  ox,  prepared  according  to  KUhne's  method,  was  warmed  with 
O'l  per  cent,  salicylic  acid  at  40°  C.  for  24  hours,  after  which  the  acid 
extract  was  neutralized  and  made  alkaline  with  sodium  carbonate  to 
the  extent  0*3  per  cent.  The  alkaline  solution,  well  thymolized,  was 
warmed  at  40°  C.  for  several  days  in  order  to  convert  the  albuminous 
matters  present  into  easily  diffusible  products,  after  which  it  was 
dialyzed  in  running  water  for  some  time,  and  the  solution  ultimately 
evaporated  to  dryness  at  40°  C.  This  residue,  being  extracted  with 
a  small  volume  of  water,  gives  a  fairly  pure  solution  of  trypsin,  free 
from  objectionable  impurities. 

In  the  formation  of  the  caseoses,  2200  grams  of  pure,  moist  casein 
were  soaked  in  3  litres  of  1  per  cent,  sodium  carbonate  for  several 
days,  and  the  mixture  well  thymolized  to  prevent  putrefaction.  The 
trypsin  solution  was  then  added,  together  with  some  water,  and  the 
whole  warmed  at  40°  C.  At  first,  the  mixture  was  quite  limpid,  the 
casein  being  dissolved  in  the  alkaline  fluid,  but  after  two  or  three 
days,  gelatinous  lumps  began  to  appear  on  the  bottom  of  the  dish 
and  finally  a  soft  coagulum  appeared  on  the  surface  and  all  through 
the  mixture,  resembling  the  separation  of  antialbumid.  This  coagu- 
lum gradually  disappeared  and  at  the  end  of  five  days  the  digestion 
was  stopped,  and  the  alkaline  fluid  filtered  from  the  undigested  resi- 
due. The  latter  was  thoroughly  washed  with  thymolized  water  and 
the  washings  added  to  the  filtrate.  This  residue  of  undigested  mat- 
ter was  found  to  be  insoluble  in  0*5  per  cent,  sodium  carbonate  and 
also  in  0*2  per  cent,  hydrochloric  acid,  but  on  being  warmed  with 
pepsin-hydrochloric  acid  it  was  in  time  almost  completely  dissolved. 
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For  separation  of  the  caseoses  the  digestive  fluid  was  neutralized 
with  dilute  hydrochloric  acid,  giving  only  a  slight  neutralisation 
precipitate,  and  the  neutral  fluid  concentrated.  When  moderately 
concentrated,  the  solution  was  placed  in  a  cool  place  for  several 
days  to  allow  as  much  of  the  leucin  and  tyrosin  to  crystallize  as 
possihle.  The  caseoses  were  then  separated  from  the  filtrate,  in 
the  form  of  a  gummy  precipitate,  by  saturation  of  the  fluid  with 
ammonium  sulphate.  On  boiling  the  filtrate  from  the  first  precipi- 
ute,  and  adding  still  more  ammonium  sulphate,  a  second  gummy 
precipitate  gradually  settled  out  of  the  hot  saturated  fluid.  This 
precipitate  was  separated  from  the  fluid,  the  latter  being  saved  for 
the  detection  of  any  peptone  formed,  washed  with  hot  saturated 
ammonium  sulphate  solution,  then  dissolved  in  water  and  dialyzed 
until  all  traces  of  sulphate  were  removed.  In  the  dialysis,  no  signs 
of  any  gummy  heterocaseose  or  other  like  body  was  noticed.  The 
caseose  was  precipitated  from  the  suitably  concentrated  fluid  with 
alcohol,  boiled  repeatedly  with  alcohol  to  free  it  from  any  adhering 
tyrosin,  and  finally  dried  at  110*  C. 

The  substance  was  extremely  soluble  in  water,  the  fluid  remaining 
perfectly  clear  when  heated.  Acetic  acid  produced  a  heavy  precipi- 
tate, soluble  in  excess,  and  in  the  acid  fluid  potassium  ferrocyanide 
gave  a  heavy  precipitate.  Dilute  nitric  acid,  added  to  the  aqueous 
solution  produced  a  white  precipitate  readily  soluble  in  excess  of  acid, 
and  when  heated  showed  the  xanthoprotein  reaction. 

Cnpric  sulphate  also  gave  a  heavy  white  precipitate.  On  analysis, 
the  following  results  were  obtained : 

/?  deuterocaseose^  formed  by  trypsin. 

I.  0*3355  gram  substance  gave  0*1847  gram  H,0=6*ll  per  cent. 
H  and  0-5090  gram  CO, =48*68  per  cent.  C. 

IL  0*3459  gram  substance  gave  0*1871  gram  H,O=6'01  per  cent. 
H  and  0*6120  gram  CO,=48*24  per  cent.  C. 

UL  0*6399  gram  substance  gave  63*0 c.  c.  Nat  13*8®  C.  and 
762*6  mm  pressure  =  13*63  per  cent.  N. 

rV.  0*4166  gram  substance  gave  by  fusion  with  koh+kko, 
00300  gram  BaSO^=0"08  per  cent.  S ;  after  deducting  sulphur  of 
ash  =  0*05  per  cent. 

V.  0*5496  gram  substance  gave  by  fusion  with  koh+kno, 
0*0380  gram  BaSO^=0'05  per  cent.  S ;  after  deducting  sulphur  of  ash 
=  0*91  per  cent. 

TBA5S.  Co.vN.  Acad.,  Vol.  VIIF.  13  Nov.,  1888 


98  -B.  ff  Chittenden — CaseoseSy  Casein  Df/speptone, 

VI.  0*4804  gram  substance  gave  0*0365  gram  =  9*69  per  oenL 

VII.  0*4272  gram  substance  gave  0*0405  gram  ash=9'43  per  ceot 
VIIL  Ash  from  0*8076  gram  substance  gave  0*0181  gram  BaSO, 

=0*03  per  cent.  S. 

Percentage  composition  of  ash-free  substance. 
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This  sample  of  /3  deutero  shows  very  close  agreement  in  compositioi] 
and  reactions  with  the  like  body  formed  by  dilute  snlpbaric  acid; 
both  being  characterized  by  the  reaction  with  acetic  acid  and  show- 
ingy  by  their  reactions  and  composition,  a  closer  relationship  to  the 
proto-like  bodies  than  their  non-precipitation  by  ammonium  sulphate 
would  appear  to  warrant.  In  composition,  however,  this  bodj 
shows  a  much  smaller  percentage  of  carbon  than  the  caseose  precipi- 
tated by  acetic  acid. 

For  separation  of  the  other  caseoses  formed  in  this  digestion, 
the  first  ammonium  sulphate  precipitate  was  dissolved  in  water 
and  protocaseose  precipitated  by  saturation  of  the  solution  with 
sodium  chloride.  The  precipitate,  which  was  not  very  heavy,  was 
purified  by  reprecipitation  and  dialysis.  On  dissolving  the  first  salt 
precipitate  in  water  quite  a  little  residue  was  noticed,  soluble  in 
dilute  sodium  carbonate,  but  readily  precipitated  by  the  least  trsce 
of  acid.  The  final  neutral  solution  was  concentrated,  giving  when 
heated  a  heavy  coagulum  which  finally  came  together  as  a  ^ammj 
mass.  The  clear  fluid,  separated  from  the  gum,  gave  still  aoother 
coagulum  as  the  heating  was  continued.  On  cooling,  the  ^mmj 
matter  readily  dissolved.  As  the  evaporation  continued  and  ibt 
fluid  became  concentrated  the  gummy  matter  dissolved  even  in  the 
hot  fluid,  and  the  caseose  was  finally  precipitated  while  hot  wit^ 
alcohol,  and  the  precipitate  boiled  repeatedly  with  alcohol  for  the 
complete  removal  of  leucin  and  tyrosin. 

In  reactions,  this  body  was  apparently  identical  with  protocaseose 
formed  by  pepsin-hydrochloric  acid,  except  that  with  acetic  acid  and 
also  with  hydrochloric  acid  it  yielded  a  heavy  white  precipitate,  sol- 
uble in  excess  of  acid.  In  water  it  dissolved  almost  completelT. 
the  solution,  however,  becoming  tnrbid  when  heated  and  if  sufficieolij 
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coDcentrated  gi^og  a  gammy  deposit  as  the  heating  oontinaed. 
Farther,  the  reaction  with  heat  was  the  only  respect  in  which  this 
body  differed  from  the  preceding  ammonium  sulphate  precipitate. 
Owing  to  insufficient  quantity  it  was  not  analyzed. 

Id  the  filtrate  from  the  first  sodium  chloride  precipitate,  a  second 
caseose  was  precipitated  by  addition  of  a  little  30  per  cent,  acetic 
acid.  At  first  it  separated  as  a  flocculent  precipitate,  but  on  stand- 
ing changed  to  a  gummy  mass,  which  dissolved  more  or  less  readily 
in  water,  and  completely  so  when  a  little  sodium  carbonate  was  added 
to  neatral  reaction.  After  reprecipitation,  the  aqueous  solution  of  the 
sabstance  was  neutralized,  dialyzed,  the  solution  concentrated  without 
separation  of  any  gummy  matter,  and  the  substance  finally  precipitated 
with  alcohol.  The  precipitate  was  boiled  repeatedly  with  alcohol  and 
finally  dried  at  110**  C.  The  dried  substance  was  readily  soluble  in 
water  and  also  in  dilute  acetic  acid,  potassium  ferrocyanide  producing 
in  the  latter  solution  a  slight  turbidity  only.  Added  to  an  aqueous 
solution  of  the  substance,  acetic  acid  produced  a  heavy  white  pre- 
cipitate readily  soluble  in  excess  of  the  acid.  Nitric  acid,  likewise, 
prodaced  a  heavy  white  precipitate  not  so  readily  soluble  in  excess. 
Capric  sulphate  also  gave  a  heavy  white  precipitate.  The  aqueous 
solution  of  the  caseose  gave  no  turbidity  whatever,  when  heated. 

Analyzed  it  yielded  the  following  results  : 

Acetic  acid  precipitate  of  caseose  (a  deuterocaseose  ?)  formed  by 

trypsin, 

L  0-5594  gram  substance  gave  0'3300  gram  H,0=6*55  per  cent. 
H  and  10924  grams  CO,=63-25  per  cent.  C. 

n.  0-3670  gram  substance  gave  0-2157  gram  H,0=6-53  per  cent. 
H  and  0-7158  gram  CO,=53-19  per  cent.  C. 

in.  0-3811  gram  substance  gave  44-4  c.  c.  N  at  12*8°  C.  and 
765-1  mm  pressure  =14-07  per  cent.  N. 

IV.  0-2848  gram  substance  gave  330  c.  c. N  at  13-4**  C.  and 
765*5  mm  pressure  =13-98  per  cent.  N. 

V.  0-4351  gram  substance  gave  0-0230  gram  ash  =5*28  per  cent. 
VL  0-4033  gram  substance  gave  0*0210  gram  ash  =6-26  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 
C  56-20  5614  ...  ....  56-17 

H  6-91  6-89  6-90 

N  14-85  14-75  U'SO 


100  R,  H,  Chittenden — Ccueosea,  Casein  Di/speptoney 

It  is  thus  obvious  from  the  foregoing  that  by  the  actioo  of  try|>8ia, 
caseoses  are  formed  of  the  same  general  nature  as  those  formed  by 
the  action  of  pepsin-hydrochloric  acid,  and  by  hot  dilute  sulphuric 
acid,  but  with  higher  contents  of  carbon. 

In  other  digestions  with  trypsin,  made  especially  for  the  prepara- 
tion of  casein  peptone,  these  caseoses  were  again  separated  and  the 
foregoing  reactions  verified.  The  quantities,  however,  were  too 
small  to  admit  of  their  analysis. 

III.  CcMein peptone ;~from  experiments  by  Chariea  Norris,  Jr.,  Ph.B. 

Supersaturation  of  a  digestive  fluid  with  ammonium  sulphate, 
under  proper  conditions,  suffices  to  entirely  remove  the  preliminary 
products  of  proteolytic  action.  Proper  conditions,  however,  are  not 
obtained  by  simply  adding  the  ammonium  salt  to  a  cold  fluid,  for  as 
has  been  already  pointed  out  an  additional  precipitate  of  proteose 
can  nearly  always  be  obtaiped,  by  heating  the  cold  saturated  solution 
until  a  thick  crust  of  the  ammonium  salt  forms  on  the  hot  fluid.  In 
the  present  state  of  knowledge,  we  assume  as  peptone  any  amorphous 
product  of  proteolytic  action  precipitable  by  alcohol,  and  not  pre- 
cipitable  by  heating  with  ammonium  sulphate  added  to  saturation. 
Unquestionably,  the  albumose  precipitated  only  by  long  boiling  of  a 
saturated  ammonium  sulphate  solution,  is  much  nearer  to  true  pep- 
tone than  those  bodies  more  easily  precipitated,  but  at  present  we 
are  not  inclined  to  accept  as  true  peptone  any  body  precipitable  by 
ammonium  sulphate  under  any  conditions  whatever.  In  the  present 
series  of  experiments  we  have  aimed  to  prepare  a  casein  peptone, 
by  the  action  of  trypsin,  entirely  free  from  albumose  in  order  to 
study  its  composition  and  reactions. 

In  the  digestion  of  casein  with  trypsin,  described  in  the  preced- 
ing section,  the  filtrate  from  the  ammonium  sulphate  saturation  was 
heated  for  some  time  and  the  slight  gummy  film  of  caseose  sep- 
arated, after  which  as  much  of  the  ammonium  sulphate  as  possible 
was  removed  by  alternate  crystallization,  treatment  with  alcohol,  etc. 
The  last  traces  of  the  ammonium  salt  were  removed  by  long  con- 
tinued dialysis  in  running  water,  and  when  finally  the  fluid  gave  no 
reaction  with  barium  chloride  it  was  evaporated  to  a  Kyrup  and  pre- 
cipitated with  alcohol.  The  precipitated  peptone  was  freed  from 
any  adhering  tyrosin  and  leucin  by  repeated  treatment  with  boiling 
alcohol,  and  finally  dried  at  110°  C.  until  of  constant  weight.  This 
proved  a  long  operation.  The  peptone  was  so  exceedingly  hygro- 
scopic and  held  on  so  tenaciously  to  the  water,  that  it  was  only  after 
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loog-ooDtinued  drying  that  a  constant  weight  was  reaohed  and  then 
the  odor  was  strongly  suggestive  of  partial  dissociation.  In  a  pre- 
vious article*^  on  peptone,  attention  was  called  to  the  peculiar  odor  of 
valerianic  acid  almost  invariably  noticed  when  the  fibrin  peptone  was 
dried  at  110°  C,  but  in  that  case  it  was  found  impossible  to  bring 
the  product  to  a  constant  weight.  With  casein  peptone,  the  same 
odor  was  noticeable  on  drying  the  product  for  analysis,  but  after  a 
few  days  heating  at  110°  C,  the  weight  of  the  product  remained 
fairly  constant. 
On  analysis,  the  casein  peptone  yielded  the  following  results : 

Casein  antipeptone  A, 

I.  0  5792  gram  substance  gave  0*3186  gram  H,0=:6'll  per  cent. 
H  and  09951  gram  CO,=46-85  per  cent.  C. 

n.  0*4692  gram  substance  gave  0*2562  gram  H,O=:6*07  per  cent. 
H  and  0*8060  gram  CO,=46*84  per  cent  C. 

IIL  0-4357  gram  substance  gave  55*5  c.  c.  N  at  14*0**  C.  and  762*0 
ram  pressures  15*27  per  cent.  N. 

IV.  0*6534  gram  substance  gave  83*0  c.  c.  N  at  14*0°  C.  and  761*0 
mm  pres8ure=  15*18  per  cent.  N. 

V.  0*9703  gram  substance  gave  0  0656  gram  ash=6*76  per  cent. 

VI.  0*4939  gram  substance  gave  0*0326  gram  ash=6*60  per  cent. 

VII.  0*7032  gram  substance  gave  by  fusion  with  koh  +  kno, 
00386  gram  BaSO^=0*75  per  cent.  S. 

VIII.  0*6526  gram  substance  gave  by  fusioh  with  koh  +  kno, 
00337  gram  BaSO^=0*7I  per  cent.  S.f 


Percentage  composition  of  ash-free  substance. 

Average. 
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Somewhat  to  our  surprise,  on  testing  the  purified  and  dried  pep- 
tone, we  found  that  its  aqueous  solution  gave  a  heavy  white  precipi- 
tate with  nitric  acid,  soluble  in  excess  of  acid ;  likewise,  a  heavy 
precipitate  with  acetic  acid,  also  soluble  in  excess ;  with  cupric  sul- 

*  KUhae  and  Chittendeiif  Peptone.    Studies,  vol.  ii. 

\  The  ash  contained  only  a  slight  unweighable  trace  of  sulphate. 
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phate  a  heavy  precipitate ;  and  on  saturation  with  ammoDium  sal- 
phate  in  the  cold  an  abnndant  gummy  precipitate,  the  latter  plunW 
indicating  the  presence  of  caseose.  As  the  product  origintUy 
gave  no  precipitate  with  ammonium  sulphate,  it  would  appareoUj 
follow  that  the  peptone  by  long  drying  at  110*'  C.  had  been,  b 
part,  reconverted  into  caseoHe,  and  as  the  solution  gave  no  turbid- 
ity by  heat  it  would  imply  that  the  caseose  formed  by  the  recon- 
version of  the  peptone  was  the  deutero  body.  Results  similar  to 
these  were  obtained  by  Ktthne  and  Chittenden  with  fibrin  peptooe. 

In  a  second  digestion  of  trypsin,  1  kilo,  of  moist  casein  wu 
warmed  at  40**  C.  with  4  litres  of  0*6  per  cent,  sodium  carboiut« 
solution  containing  trypsin,  well  thymolized,  for  one  weeL  On 
the  third  day,  the  gelatinous  coagulum  already  described  made  iu 
appearance,  but  gradually  disappeared  and  at  the  end  of  the  week 
there  was  only  a  very  small  residue  remaining.  The  neutralized  tnd 
concentrated  digestive  fluid,  freed  from  more  or  less  tyrosin  by  cool- 
ing and  crystallization,  was  in  this  case  treated  with  rock  salt  to  sat- 
uration, yielding,  however,  only  a  small  precipitate  of  proto-  and 
heterocaseose,  which  on  purification  agreed  in  reactions  with  the 
caseoses  previously  described.  Addition  of  salt-saturated  acetic 
acid  to  the  sodium  chloride  filtrate  from  the  foregoing  caseoses,  failed 
to  give  any  precipitate  whatever,  and  as  the  saturation  of  the  fluid 
with  ammonium  sulphate  gave  only  a  slight  gummy  precipitate  it  b 
evident  that  in  this  digestion  the  casein  was  almost  completely  coa- 
verted  into  peptone.  In  order  to  be  quite  sure  of  the  complete  re- 
moval of  everything  precipitable  by  the  ammonium  salt  the  mixture 
was  boiled  for  some  time  with  an  excess  of  ammonium  sulphate,  lod 
the  filtrate  treated  as  described  under  peptone  A  for  the  complete 
removal  of  tyrosin  and  ammonium  sulphate. 

The  final  product  was  exceedingly  gummy  and  parted  with  tbc 
last  traces  of  adhering  alcohol  very  slowly.  In  fact,  we  found  it  best 
to  dissolve  the  final  alcoholic  precipitate  of  peptone  in  a  little  water, 
and  to  drive  off"  the  alcohol  from  the  solution  by  heat,  after  which  the 
fluid  was  evaporated  and  the  gummy  peptone  finally  transformed 
into  a  friable  mass  by  drying  on  a  water-bath,  and  at  last  completely 
dried  at  110°  C.  After  its  final  precipitation  with  alcohol,  an  aque- 
ous solution  of  the  peptone  gave  no  precipitate  whatever,  with  nitric 
or  acetic  acid,  neither  with  acetic  acid  and  potassium  ferrocyanWk 
nor  with  cupric  sulphate,  or  at  the  most  nothing  more  than  a  faiirt 
turbidity.  After  being  dned  at  110°  C.  until  of  constant  weight, 
the  product  then  gave  a  decided  gummy  precipitate  by  sator^tioo 
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of  its  aqueous  solution  with  aromoDinm  sulphale,  and  like  peptone  A 
gave  precipitates  with  nitric  and  acetic  acid  and  with  cupric   snl- 
pbate. 
On  analysis  the  following  results  were  obtained  : 

Casein  antip^one  B, 

I  0*3770  gram  substance  gave  0*2023  gram  H,0=6*96  per  cent. 
H  and  0*6635  gram  CO,=47*26  per  cent.  C. 

n.  0*2687  gram  substance  gave  0*1442  gram  H,0=s6*96  per  cent. 
Hand  0*4667  gram  CO, =47*36  per  cent.  C. 

IIL  0*3732  gram  substance  gave  44*9  c.  c.  N  at  14*4°  C,  and  767*0 
mm  pressure  =14-31  percent.  N. 

IV.  0*3801  gram  substance  gave  46*0  c.  c.  N  at  UO"*  C.  and  7660 
mm  pre8sure=14*38  per  cent.  N. 

V.  0*4760  gram  substance  gave  0*0374  gram  a8h=7*86  per  cent. 
VL  0*5396  gram  substance  gave  0*0429  gram  ash=7*96  per  cent. 

Percentage  composition  of  ash-free  substance. 

Average. 

C  51-35  51-43  SPSS 

H  6-47  6-47  6'47 

N  ....  ....  15-54  15-61  16-57 

Id  a  third  digestion  with  trypsin,  2  kilos,  of  casein  were  warmed  at 
40°  C.  for  five  days  with  3  litres  of  0-5  per  cent,  sodium  carbonate 
containing  an  active  trypsin  solution,  well  thymolized.  At  the  end  of 
the  second  day,  considerable  casein  antialbumid  separated  from  the 
solution,  this  time  more  as  a  gummy  precipitate  than  as  a  gelatinous 
coagulum.  On  the  sixth  day,  the  alkaline  fluid  was  filtered  from 
tbe  small  undigested  residue,  neutralized,  concentrated,  and  the 
caseoses  precipitated  by  saturation  with  ammonium  sulphate.  In 
this  digestion,  there  was  present  only  a  very  small  trace  of  caseose 
precipitable  by  saturation  with  salt,  but  considerable  precipitable  by 
salt-saturated  acetic  acid.  After  repeated  boiling  of  the  ammonium 
sulphate-saturated  fluid,  for  complete  removal  of  caseoses,  the  peptone 
remaining  was  separated,  purified  and  dried  as  already  described. 
The  product  dried  at  110**  C.  gave  on  analysis  the  following  results. 

Casein  antipeptone  C, 

I.  0*3104  gram  substance  gave  0*1720  gram  1130=615  per  cent. 
H  and  0*5252  gram  CO,=4614  per  cent.  C. 

n.  0*2756  gram  substance  gave  0*1513  gram  H,O=6*10  per  cent. 
H  and  0*4638  gram  CO,=45*89  per  cent.  C. 
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« 
III.     0-5432  gram  sabstanoe  gave   68*0  c.  c.  N  at  14^^  €.  tod 

766*4  mm  pre88ure=  14-88  per  cent.  N. 
lY.     0*6280  gram  sabstance  gave  0*0449  gram  a8h=7'15  perc«oi 
V.     0*4060  gram  substance  gave  0*0288  gram  ash=7-09  per  cent 

Percentage  composition  of  ash-free  substance, 

C  49*64  49*40  ....  4»-52 

H  6-68  6*67  ....  «-eO 

N  ....  ....  15-99  15-« 


This  peptone,  like  the  preceding,  after  being  dried  at  110^  C.  g»Te 
a  small  gummy  precipitate  on  saturation  of  its  solution  with  ammoniBnj 
sulphate,  and  also  gave  a  precipitate  with  nitric  and  acetic  acid,  ind 
a  slight  turbidity  with  cupric  sulphate. 

In  composition,  all  three  of  the  peptones  show  »  smiller 
percentage  of  carbon  than  the  caseoses  formed  by  trypsin^  bat 
somewhat  to  our  surprise  the  percentage  of  carbon  is  higher 
than  in  some  of  the  caseoses  formed  by  pepsin-hydrochloric  acii 
The  nature  of  the  substance,  however,  which  at  present  afford* 
but  little  proof  that  we  have  to  deal  with  a  single  body,  tk 
extreme  difficulty  of  obtaining  it  in  a  condition  of  dryness  soil- 
able  for  analysis,  and  the  almost  utter  impossibility  of  freani 
it  from  adhering  inorganic  salts,  all  tend  to  throw  doubt  on  Uw 
analytical  data  as  expressing  the  composition  of  pure  casein  pep- 
tone. As  already  stated,  there  is  unquestionably  more  or  less  of » 
decomposition  or  change  attending  the  drying  of  the  peptone.  So 
pronounced  is  the  hygroscopic  character  of  these  bodies,  thai  wbec 
partially  dried  they  will  gain  weight  over  strong  sulphuric  acid,  indoE 
being  taken  from  the  air  bath  while  drying  at  110°  C.  we  often  no- 
ticed on  damp  days  a  hissing  noise  as  if  from  the  rapid  absorption  o: 
water.  Further,  as  the  drying  progressed  the  odor  of  valerianic  acid 
became  quite  pronounced  and  on  testing  the  dried  product,  it  vs^ 
often  found  to  have  an  acid  reaction  so  pronounced  in  many  cases  %i 
to  give  a  sour  taste  to  the  peptone,  in  addition  to  the  characteri^uc 
bitter.  Before  drying,  the  peptones  were  usually  found  to  have  » 
neutral  reaction.  These  facts  coupled  with  the  changed  behavior  ii 
the  product  towards  ammonium  sulphate,  point  to  a  change  in  lb« 
nature  of  the  peptone,  which  may  well  be  assumed  to  affect  its  com- 
position, and  hence  we  would  have  our  analytical  figures  taken  wHli 
some  allowance. 
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We  also  prepai'ed  a  peptone,  entirely  non-precipitable  by  saturation 
with  ammoniam  sulphate,  by  boiling  20  grams  of  pure  deuterocaseose 
with  500  c.  c.  of  3  per  cent,  sulphuric  acid  for  14  hours.  This  prepara- 
tion, after  purification,  was  too  small  in  quantity  for  analysis,  but  in 
reactions  it  showed  close  agreement  with  the  antipeptones  prior  to 
their  long  drying  at  110°  C,  viz:  non-precipitation  by  acetic  acid  and 
potassium  ferrocyanide,  by  nitric  acid,  by  cupric  sulphate,  and  by 
satnratioD  with  ammonium  sulphate  both  in  neutral  and  in  acid 
solutions. 


Trans.  Cohn.  Acad.,  Vol.  Vm.  U  •       Nov.,  1888. 


VI. — Some  Expebiments  on  the  Influence  of  Arsenic  and 
Antimony  on  Glycogenic  Function  and  Fatty  Dbgbnera- 

TION    OF    THE     LiVEB.      By    R.     H.     ChUTENDEN,     AND     J.     A. 

Blake,  B.A.,  Ph.B. 

Saikowsky's*  oft-quoted  experiments  on  rabbits  with  antimonic 
and  arsenious  acids  have  made  clear  that  in  both  arsenical  and  anu- 
menial  poisoning  there  is  pronounced  fatty  degeneration  of  the  lirer, 
with  a  lessening  of  the  hepatic  glycogen  and  in  some  cases  even  a  total 
disappearance  of  it.  With  antimonic  acid,  Saikowsky  found  in  his 
original  experiments,  that  one-half  to  one  gram  of  antimonic  acid  or 
other  preparation  of  antimony  per  day,  for  fourteen  or  nineteen  djiys 
in  succession,  gave  rise  to  a  fatty  degeneration  embracing  the  liver, 
kidneys,  and  even  the  heart.  This  has  been  verified  by  the  experi- 
ments of  Grohe  and  Mosler,  who  also  state  that  in  the  duchy  of 
Brunswick  the  peasantry  give  to  the  geese,  when  producing  the 
famous  fatty  livers,  a  certain  quantity  of  the  white  oxide  of  antimony 
every  day.f  With  arsenic,  Saikowsky  likewise  found  that  whes 
rabbits  are  poisoned  by  a  small  dose  so  as  to  live  from  three  to  wx 
days,  the  liver  becomes  much  enlarged  and  very  fatty  and  the  glyco- 
genic function  nearly  or  quite  abolished. 

It  is  very  evident,  therefore,  that  in  large  quantities  both  arsenic 
and  antimony  have  a  special  action  on  tissue  changes,  particuiariy 
on  the  liver.  In  the  experiments  referred  to  above,  the  quantities  of 
poison  given  were  quite  large  and  with  arsenic,  particularly,  their  md* 
ministration  was  soon  followed  by  death.  As  neither  of  these  sub- 
stances are  ordinarily  used  in  medicine  for  an  acute  effect,  it  seemed  to 
us  of  interest  to  study  the  action  of  small  doses  on  the  tissue  changes  of 
the  liver,  with  a  view  to  ascertaining  whether  non-toxic  do8et§  of  these 
two  poisons  would  produce  a  similar  effect  It  b  ordinarily  stated 
that  in  poisoning  with  antimony,  phosphorus,  and  arsenic  the  nitro- 
genous products  of  tissue  waste  appear  in  the  urine  in  much  lai^er 
quantity  than  normally,  owing  to  the  increased  decomposition  which 
is  going  on.|     Experiments  of  our  own,  however,  have  shown   that 

*  Virchow's  Archives,  Band  xxxiv,  p.  78. 

t  Quoted  from  H.  0.  Wood's  Therapeutics,  p.  161. 

I  Brunton's  Pharmacology,  Therapeutics  and  Materia  Medica,  p.  360. 
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small  repeated  doses  of  antimonious  oxide  are  without  influence  on 
the  excretion  of  nitrogen,  sulphur,  and  phosphorus,  and  that  hence 
when  taken  in  non-toxic  doses  it  has  no  noticeable  action  on  proteid 
metabolism.*  Without  doubt,  toxic  doses  do  materially  affect  the 
nutrition  of  the  body,  but  with  a  dog  of  13  kilos,  weight  the  admin- 
istration of  repeated  doses  of  antimonious  oxide,  to  the  extent  of  17 
grains  in  13  days,  led  to  no  apparent  change  in  the  amount  of  nitrogen 
etc.  excreted,  although  the  presence  in  the  24  hours'  urine  of  13-23 
milligrams  of  antimony  (Sb)  gave  evidence  of  decided  absorption. 

We  have  therefore  tried  a  few  experiments  on  rabbits  and  fowls 
to  see  what  effect  small  repeated  doses  of  arsenic  and  antimony  would 
have  on  the  liver,  as  indicated  by  its  content  of  fat,  glycogen,  and 
sugar.  The  experiments  were  made  in  pairs,  in  which  one  animal  of 
each  pair  served  as  a  control  for  comparison,  while  the  other,  kept 
under  the  same  conditions  of  diet,  etc.  so  far  as  possible,  was  fed 
each  day  with  arsenic  or  antimony  as  the  case  might  be.  At  the  end 
of  the  period  both  animals  were  killed  and  the  livers  analyzed. 
Naturally,  the  animals  of  each  pair  were  of  the  same  age,  from  the 
same  brood,  and  so  far  as  possible  of  the  same  body  weight.  During 
the  experiment  they  were  kept  on  a  weighed  diet  of  cracked  corn, 
meal,  etc.,  and  were  confined  in  suitable  cages. 

The  methods  of  analysis  were  as  follows :  after  determining  the 
body  weight,  the  liver  was  quickly  removed,  weighed  and  sampled 
by  chopping,  10  grams  or  thereabouts  were  then  weighed  out  accu- 
rately, dried  on  a  water  bath,  ground  to  a  fine  powder  and  extracted 
in  a  fat  extractor  with  warm  ether  until  the  fat  was  entirely  removed. 

For  glycogen  and  sugar,  20-40  grams  of  the  sampled  liver  were 
thoroughly  extracted  with  hot  water,  (continuous  extraction  with 
water,  frequently  renewed,  for  several  days)  the  extracts  united,  con- 
centrated to  a  very  small  volume  and  precipitated  with  a  large  excess 
of  95  per  cent,  alcohol.  The  precipitate  of  glycogen,  etc.,  was  washed 
with  alcohol,  dissolved  in  a  small  volume  of  cold  water  to  100  c.  c, 
sufficient  hydrochloric  acid  added  to  make  the  fluid  contain  2  per 
cent.  HCl  and  heated  on  a  water-bath  for  15  hours.  After  neutrali- 
zation, the  volume  was  made  up  to  200  c.  c.  and  the  sugar  determined  in 
25  c.  c.  of  the  fluid  by  Allihn's  gravimetric  method,  and  the  glycogen 
calculated  therefrom.  The  liver  sugar  was  determined  by  evaporating 
the  alcoholic  fluid  from  the  glycogen  precipitate,  dissolving  the  resi- 
due in  a  little  water,  adding  sufficient  sulphuric  acid  to  make  themix- 

*  Ghittendeo  and  Blake.  Studies  from  Laboratory  of  Physiological  CJhemistry,  Yale 
Unirersity,  vol  ii,  p.  94. 
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ture  contain  2  per  cent,  H,SO^,  boilmjy  for  two  hours  to  cob  vert  ibe 
sugar  wholly  into  dextrose,  and  tlien,  after  neiitralUation  of  tbe  m^ 
fluid  and  diluting  to  200  c,  c,  testing  its  reducing  pover  by  AUibD'i 
methodp 

Mtperiment  L 
Actio7i  of  arsenic  on  a  /owL 

Period  of  dating. 
May  30-24,  0*1  groin  AsiO,  daily. 

"    26-31,  0*2      "         »         *^ 

June   1-15,  0*3      "        "         '' 

6*4  graitia. 

Af  control  fowL  B,  ar^enkfntt 
Body  weigh  t  May  20»            1814  grams.  1314  gnmi. 

^'  **      Jum  16,  latl      "  1686      ■■ 

+  5T  -128 

Weight  of  liver,  Juoo  16,  2R-378  grams,  34'615  pami. 

The  liver  of  Ej  sftow^  unmisiakeabfe  sifjim  o/fatiy  degeneraUoit. 

Determination  of  fat  in  Uivr. 

A.  control,      9-2 10  grfltDi*  Urer  gave  0*S347  grmm  fet,      ^       3-63  per  cent 

B.  araenio.      13  548       "         "         "■    l*85ai     **         ''        =      I3'40       *^ 

+  &-7"  per  oent 
IfeiStfrTrttf»al»0ft  o/gfycoy^Ti  arid  mgar^ 

A.  R 

Weight  of  liver  usedi  201 67  graiQK.  20*1^7  gmmi. 

Glycogen  A^  eontroL 

Volame  EqulTfcli'nt  LqajVAleut  Tftl*l  ^ 

used.  WelgTit  CUr  In  rlcxtTOBen  in  ffl^cuircD.  ^niDiiDt  «^ 

25  c.  c.         0  0744  gram,         OOaSO  gram,         0*0342  gram.         0-273G  gfML        13S 

25  00727  0-037 1  0-0334  0-2672  VU 

Glycogen  B,  arjirwic^ 
25  c.  c.         01720  gram.         0*0 R7 9  gram.         0  0751  gram*         0*632.Hgr™.        !♦* 
25  0-1713  00875  00787  0^29fi  Mt 

Sugar  A^  amirvtl, 

25  c.  c.         0  0299  gram.         001^r9  gram 0-1272  grad-        *<^ 

25  0-0332  0*0  ne  .,...  0'1408  *<.' 

Stifiaf  Bj  ar^mie. 

25  c.  a         00185  gram.         00102  gram OOSlfignim.        •!> 

25  0-0162  0-0091  0*0728  ^^ 

100  grams  of  breast  muscle  from  B  gave  0*4  milligram  of  As. 

In  this  experiment,  then,  we  have  as  the  apparent  result  of  the  lofig- 
continued  feeding  of  arsenic  a  loss  of  body  weight,  a  decided  ii>cpea« 
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ID  the  weight  of  the  liyer,  a  large  increase  in  the  liver  fat^  a  gain  in 
the  amount  of  liver  glycogen^  and  a  Iobb  in  liver  sugar. 

Experiment  IL 

Action  of  arsenic  on  a  fowl. 

Period  of  doting. 
May  20-24,  0*1  grain  As^Os  daily. 

"    25-31,  0-2     "  "        " 

June  1-16,  0-3     "  »* 

"    16-18,  0-4    "  "        " 

t'G  grains. 

Towards  the  end  of  the  experiment  the  arsenic  fowl  appeared  to 
be  suffering  somewhat  from  the  toxic  action  of  the  poison,  consequently 
the  arsenic  was  discontinued  after  the  18th,  but  the  fowl  died  on  the 
21st,  and  was  immediately  analyzed. 


Body  weight  May  20, 
"    June  21, 


A^  corUrot/owL 
1644  grams. 
176t       " 

+  113 


Weight  of  liver,  June  21,         55*830  grams. 

Determination  o/fai  in  Uver. 
A^  control,     13*740  grams  liver  gave  0*7462  gram  fat, 
^arwnic,     10179       '•        "        •*    0-4926       "        " 


DeienninaHon  of  glycogen  and  sugar, 
A. 


Weight  of  Uver  used. 


Volame 
osed. 

25C.C. 

25 


25  a  c. 
25 


42*090  grams. 
Glycogen  A^  control 


B,  araeniefowL 
1531  grams. 
1247       »* 

-284 

33*729  grams. 


5*40  per  cent. 
4*83 

—0*57  per  cent. 

B, 
23*550  grams. 


Wtlght  Cn. 
0*5213  gram. 
0-5228 


00359  gram. 
00379 


Equivalent 
in  dextrose. 

0-2500  gram. 

0-2504 


Bqnlvalent 
In  glycogen. 

0*2250  gram. 

0-2253 


Sugar  A^  control, 

0-0188  gram 

00198 


ToUl 
amoant. 

1*8000  gram. 

1*8024 


0*1504  gram. 
0-1584 


Per 
cent. 

4*27 
4*28 


0*35 
0-37 


In  B,  no  trace  of  a  reduction  could  be  obtained  for  glycogen  and 
only  an  unweigbable  trace  for  sugar. 

In  this  experiment,  therefore,  we  find  a  decided  loss  in  body  weight 
under  the  influence  of  the  arsenic,  a  loss  in  the  weight  of  the  liver,  a 
slight  diminution  in  the  liver  fat  and  nearly  a  complete  disappear- 
ance of  both  glycogen  and  sugar. 


tl0 
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Mxperim^nt   III, 

Action  0/ arsenic  on  a  rabbit 

Fetiod  0/  doling. 
May  25^31,  02  grain  Aa^Oj  daily. 

June  1-1  a,  0-3       "         " 

*'    16-23,  0-4       "         *'         " 

9*1  (fraias. 

A^  control  rabhit  B,  ffr«n(craftkt 

Bodj  weight  May  25,            1G44  grams.  1503  gramsi 

"           "      Juno  24,            1616       '*  ISSS       » 

-28  +81 

We  igb  I  of  liver  June  34,  61*3  eo  graiDs*  iS'  7  e()  gr^mi 

Daiermination  &f/at  in  Hi*fr^ 

A,  control,     15-S20  gr&tns  liv^r  gave  0^4126  gmro  fntf  ^      2  €9  par  caA 

B,  aracnic,     14-435       0  2888     '^         *^  =      200       " 

—0'69  percent 
Iktirmination  of  glycogen  and  J^yar, 

^.  a 

Weight  of  Uver  used,  45'ft40  grams.  32-325  gtMtf, 

Glycogen  A*  conlroi. 

Volnmf  ijspd  EqiilvBlenl  KgalvAjent  TotiJ  fif 

for  rc^uctlaoH       Wel^KtCu.  linleiii-o#e.  Lu  ffl^cofifcti,  ftmoanl.  B* 

25  c.  c.  0'2036  gram.      0*1045  gram.      0*0940  gram.       1*8800  grams.       ii^ 

25  0-2027  01041  0-0937  1*8740  4t: 

Glycogen  B,  arsenic. 

25  c.  c.  0*5230  gram.      0*2503  gram.       0*2252  gram.       1*8016  grame.       ^^> 

26  0*6223  0*2500  0*2250  1*8000  5ii 

Sugar  A^  control. 

25  c.  c.  0*0177  gram.      0*0098  gram 0*0784  gram.       ^H 

25  00173  0*0097  0*0776  O^U 

Sugar  B^  arsenic. 

25  a  c.  00254  gram.       00137  gram 01096  gram.        ^^ 

26  00232  0-0126  01008  «3' 

100  grams  of  muscle  tissue  yielded  0*3  milligram  of  .Ijl 

Here,  we  find  under  the  influence  of  the  arsenic,  an  apparent  gtbi 
though  slight,  in  body  weight,  an  evident  diminution  in  the  weight 
of  the  liver,  together  with  a  diminished  percentage  of  liver  fat  Ap^ 
parently,  however,  the  amount  of  liver  glycogen  and  sugar  are  wm- 
what  increased.  The  liver  showed  no  approach  to  fatty  degenentiofl 
on  microscopic  examination. 

♦  The  glycogen  solution  after  boiling  with  acid,  etc.,  was  made  up  to  500  c.  c.  'vf^^ 
of  JOG  c.  c. 
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JExperiment  TV, 
Action  of  antimony  on  afowL 

Period  of  dosing. 

May  20-24,  0*2  grain  SbtOt  daily. 

"    25-31,  0-4     "  "        " 

June     1-7,  0-6    "  "        " 

"      8-14,  0-8    "  **        •» 

13-6  grains. 

-4,  control  fowl  i?,  antimony  fowl 

Body  weight  May  20,  1559  grams,  1616  grams, 

•*  "      June  16,  1631       "  1828       " 

—28  +212 

Weight  of  liver  June  15,  22'995  grams.  31*799  grams. 

DeterminaUon  of  fat  in  liver. 
A^  control,       7*985  grama  liver  gave  0*4600  gram  fat,      =      5*76  per  cent 
B,  antimony,  11 409      "        "        "    0-6741       "     '*         =s     6*91         «* 

+  0-15  per  cent 
Determination  of  glycogen  and  Sugar, 

A.  B. 

Weight  of  liver  used,  15*010  grams.  20*390  grams. 

Glycogen  J,  control 

Volume  OMd  Kqalyalent  BqalTaleiit  ToUI  Per 

tor  redneUon.       Weight  Co.  In  dextrose.  in  glycogen.  amonnt.  cent. 

25  c  c  0-0577  gram.      0*0296  gram.      0*0266  gram.      0*2128  gram.  1*41 

25  0-0563  0-0289  0*0260  02080  1*38 

Glycogen  B,  antimony. 
25c.c  0*1011  gram.      00514  gram.       0*0462  gram.      0*3696  gram.  1*81 

25  '    0*1015  0-0516  00464  0*3712  1-82 

Sugar  Ay  control. 

25C.C.  0*0198  gram.       00109  gram 00872  gram.  0*58 

25  0-0211  0*0115  0*0920  0*61 

Sugar  B,  antimony. 

!5cc  0*0300  gram.      0  0160  gram 0*1280  gram.  0*62 

25  0*0277  0*0148  01184  0*58 

100  grams  of  breast  muscle  gave  1*2  milligrams  Sb. 

These  results  would  seem  to  indicate  that  antimonious  oxide  tends 
to  increase  the  body  weight,  and  apparently  also  that  of  the  liver. 
The  liyer  fat  is  obvioasly  not  much  affected  in  this  experiment,  while 
the  glycogen  shows  a  slight  increase  in  the  antimonial  fowl. 


tit  Chittenflen  and  Blake — Infitfrttre  o/Arsmk 

Experiment  V, 
Action  of  antimony  on  afowh 

Period  of  dosing. 


1 


May  2ft-24, 

0-2  ifTftin  Sb,0,  daily 

*'    25-31, 

0-4     M           *i 

June    I-  7, 

0^6     '*         "          '^ 

''      8-15, 

0-8    "          "          » 

*'    1^19, 

18-4  graiDS. 

jI,  am^oljhutl                   B, 

jdf  weight  May  20, 

noi 

grams. 

*'      June  20, 

16U 
^57 

a 

o:ght  of  liver  June  20, 

34  nt  grwna. 

B,  antimmyfimi 

1814      " 
+57 

DeismiinaWiM  of  fat  in  iit-^, 

A,  csontrol,      9'4  71  grama  liver  gave     U'3890  gram  fat,      =     -ilOpefCtal. 

B,  antimony,  9-5t9       ^*         "         '*       0-6088       *'      *'         -      531       " 

+  1*21  pef«iiv 
The  ftppearaoce  of  the  liver  in  B  iadicated  fat^  degenenitioiL 

IhtiirminaHon  ef  glymgtn  and  wgar. 


Total 
ft  mount. 


A. 

Weight  el  Hver  used, 

34  "7  00  grams. 

Giycogm  A^  coniroL 

Volume  uitHl 
for  rednellon. 

Weight  Cu. 

EqnlTalant             BqulTAlent 
Ln  deictro»(j,           in  gljcogcn. 

25  c.  c. 

0-2253  gram. 

O-llGO  gram-       01 044  gram 

25 

0-2253 

01160                  0'|O4-4' 
Glytujgen  B,  anHvnony. 

25  e.  c 

0'34fl0  gr&m. 

0-1281  ifram.       0*t  153  gram. 

U 

03479 

0-1280                  O'H&O 
Sugar  A,  control. 

25  c,  c* 

0*0360  gram. 

0*0189  gram 

25 

0-0360 

00189                    

^SWj^fir  B,  anHmonjf, 

25  c.  C 

0-03  S3  gram. 

0'0200'gram. 

35 

00373 

0-0195                    

0  8353  gmiD.        J^ 
0'f*352  ** 


0*0224  ?Tiin.        ?** 
O-9200  ^^^ 


0-1512  gram. 


HI 


0*1SU  HI 

0-1600  gma       ** 
0-1&60  *<-  I 

J  00  grama  of  breast  muacle  gave  V3  mitligrams  3b. 

In  this  experiment,  there  was  pronounced  fatty  degeneraiioooftbe 
liver  in  the  antimonial  fowl  Further,  as  in  the  last  experiment,  tb«r^ 
was  apparently  a  slight  increase  both  in  body  weight  and  in  tbe 
weight  of  the  liver. 
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Corresponding  with  the  fiatty  degeneration,  there  was  found  )  '2  per 
cent  more  fat  in  the  antimonial  liver  than  in  the  control. 

The  liver  glycogen  was  also  slightly  increased  nnder  the  influence 
of  the  antimony. 

Meperiment  VI. 

Action  of  antimony  on  a  rabbit 
Period  of  dosing. 


May  25-31, 

June   1-  7, 

"     8-16, 

'•    16-21, 


0'4  g^in  SbsOs  daily. 
0-6      •» 

0-8      "         "         ** 
1-0      *•         »»        '» 


19*4  grains. 

-4,  control  rabbit 
Body  weight  May  25,  2012  grams. 

"  "      June  23, 


Weight  of  liver  June  23, 


1998      •* 

-14 

38-219  grams. 


B*  antimony  rabbit. 
1814  grams. 
1701       " 


Determination  of  fat  in  liver, 
A^  control,        9*375  grams  liver  gave  0*3575  gram  fat, 
B,  antimony,  10*971      **        "        »•    0*3432      "      " 


Weight  of  liver  used, 


Determination  of  glycogen  and  sugar, 
A. 
28*844  grams. 


-113 
42*741  grams. 


=s     3*81  percent. 
=      312 

—0*69  per  cent. 

B. 
31*770  grams. 


Glycogen  A^  control. 


Vohun«iwed 
for  reduction. 

25  CO. 
35 


Weight  Co. 
0*0431  gram. 
0-0441 


Equivalent 
In  deztroee. 

00224  gram. 
00229 


EqolTalent 
In  glycogen. 

0*0201  gram. 
00206 


Toui 
amoant. 

01 608  gram. 
0*1648 


Per 

cent. 

0*55 
0*57 


0*64 
0*63 


Sugar  A^  control. 

25C.C.  0*0445  gram.      0*0231  gram 0*1848  gram. 

25  0-0440  0*0229  01832 

In  By  there  was  oo  reduction  for  either  glycogen  or  sugar. 

100  grams  of  muscle  gave  1*0  milligram  Sb. 

In  this  experiment,  towards  the  end,  the  animal  was  evidently  suf- 
fering from  the  toxic  action  of  the  antimony,  and  the  body  weight  is 
seen  to  be  noticeably  diminished.  The  weight  of  the  liver,  however, 
was  apparently  increased  by  the  antimony,  although  there  was  a 


*The  last  two  days  the  antimony  rabbit  ate  very  little.  Hence,  the  oxide  was  not 
giTen  after  the  2l8t  The  animal  was  evidently  much  affected  by  the  antimony  and 
its  general  nutrition  was  at  the  last  very  poor. 

TRAHa  Conn.  Acad.,  Vol.  VIII.  15  Dec,  1888. 
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diminution  in  the  liver  fat,  and  a  complete  diBSppcaranc^  of  M 
glycogen  and  sugar. 

While  tbese  experiments  are  far  too  few  in  number  to  g<neriiitt 
.  from  J  yet  it  would  appear  that  small  doses  of  antimonious  oxide  \mi 
continued  tend  to  increase  body  weight,  and  particularly  theweigk 
of  the  liver*  Further,  the  increase  in  liver  weight  is  accompiQied 
by  an  inereaued  percentage  of  fat  and  a  alight  increase  of  liwr 
glycogen. 

With  eorree^ponding  doses  of  arsenioas  oxide,  on  the  other  baiii 
the  results  would  indicate  a  diminution  in  body  weight,  likewise  i 
diminution  in  the  weight  of  the  liver  and  also  in  the  amount  of  lirer 
fat.  As  regards  glycogen^  two  of  the  results  show  an  iacreaid 
amount  in  the  arsenical  livera,  while  in  one  experiment  there  wmi 
total  disappearance  of  glycogen.  On  the  other  hand,  as  Ex|.>eniDeet 
No.  I  indicates,  there  may  ^e,  with  small  doses  of  arsenic ,  i  \m 
pronounced  fatty  degeneration  of  the  liver,  accompanied  by  m  it- 
er eased  liver  weiglit  and  an  increase  in  the  percentage  of  lifir 
glycogen. 


VII. — ^The  Nature  and  Chemical  Composition  op  the  Myosin 
OF  Muscle  Tissue.  By  R.  H.  Chittenden  and  G.  Wyckofp 
Cummins,  Ph.D. 

In  spite  of  the  interest  attached  to  this  peculiar  proteid  substance, 
little  attention  has  been  directed  to  its  chemical  nature  since  the 
time  of  its  discovery  by  Ktlhne.*  In  fact,  Danilewskyf  is  the  only 
investigator  who  appears  to  have  studied  its  chemical  relations  to 
any  extent,  and  so  far  as  we  are  aware  no  attempt  has  ever  been 
made  to  ascertain  its  chemical  composition.  With  this  fact  in  mind, 
it  has  been  the  main  object  of  the  present  investigation  to  study  the 
chemical  composition  of  pure  myosin,  and  to  determine  the  differ- 
ences that  may  exist  in  the  chemical  nature,  or  in  the  properties,  of 
myosin  prepared  from  various  animal  sources.  Unfortunately,  our 
work  was  completed  before  Halliburton'sJ  recent  paper  on  muscle- 
plasma  was  published,  otherwise  we  should  have  attempted  to  verify 
some  of  his  interesting  discoveries  regarding  the  muscle  clot,  and 
possibly  have  modified  somewhat  the  character  of  our  work. 

The  researches  of  Ktihne,  Hoppe-Seyler,§  Weyl,||  and  Danilewsky 
have  shown  that  myosin,  both  from  the  animal  and  vegetable  king- 
doms, is  a  globalin  body,  soluble  in  dilute  sodium  and  ammonium 
chloride  solutions,  as  well  as  in  sulphate  of  magnesia  and  sulphates 
of  the  alkalies,  and  precipitable  therefrom  either  by  the  addition  of 
salt  in  substance  or  by  dilution  with  much  water.  As  stated  by 
Danilewsky,  myosin  is  most  advantageously  extracted  from  muscle 
tiwae  by  ammonium  chloride,  in  solutions  of  from  7-20  per  cent. 
We  have,  likewise,  found  this  to  be  the  case  by  comparative  tests, 
and  have,  therefore,  in  all  of  our  preparations  of  myosin  for  analysis, 
used  ammonium  chloride  as  the  extractive,  preferably  of  16  per  cent, 
strength.     For  separation  of  myosin  from  the  ammonium  chloride 

•Kfthne,  Protoplasma,  Leipzig,  1864.     Also  Lehrbuch  der  physiologische  Chemie. 

f  MjoBin,  seine  DarstelluDg,  Eigenschaften,  UmwaDdluog  in  STDtonin  und  RQckbil- 
dung  aus  demselben.    Zeitschrift  fiir  physiologiache  chemie.    Band  y,  p.  168. 

\  Journal  of  Physiology,  voL  viii,  p.  133. 

§  Handbuch  der  Chem.  Analyse,  4  Auflage,  p.  236. 

I  Beitrage  zur  kenntniss  thierischer  und  pflanzlicher  eiweisskorper,  Zeitschrift  fUt 
pbyaiologische  Chemie,  Band  i,  p.  12. 
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solation  we  have  mainly  employed  two  methods,  either  dilatioa  with 
a  large  volume  df  distilled  water,  or  dial  yds  of  the  aromooiaa 
chloride  solution  until  the  salt  is  entirely  removed.  In  this  littif 
process,  we  have  often  observed  that  the  separatioD  of  myoan 
partakes  more  of  the  nature  of  a  coagulation  than  of  an  ordlaAry 
precipitation.  A  moderately  strong  ammonium  chloride  §olalio& 
of  myosin,  on  being  placed  tn  a  parchment  bag  and  suspended  in 
running  water,  will  ordiDarily  at  the  end  of  two  or  three  dijsU 
converted  into  a  Bemi*8olid,  jcllydike  ma8K»  which  later  on  conindi 
more  or  less,  but  still  shows  all  the  characters  of  a  genuine  ckL 
In  fact,  we  are  inclined,  with  Halliburton,  to  consider  this  a  genabe 
re-coagulation  rather  than  a  precipitation*  We  are  inclined,  bow- 
ever,  to  believe  that  separation  of  myosin  by  dialysis  is  hardlju 
satisfactory  in  tbe  preparation  of  small  quantities^  as  precipiutioo  Vj 
water,  since  on  dialysis  the  jellying  of  the  myosin  naturally  tendito 
enclose  some  of  the  salt  and  also  any  other  proteidti  possibly  prewfit 
in  the  solution,  while  by  precipitation  with  water  the  myosin  htoc^ 
culent,  easily  washed  and  thus  more  surely  freed  from  both  aalt  toJ 
albumin. 

Myo%iu  j4,  from  ox  Jiaisele^ 

The  first  samplt'  of  myosin  was  prepared  from  a  freshly  killeil  en. 
The  finely  chopped  muscle  from  the  thigh  was  freed,  so  far  as  possi- 
ble, from  all  traces  of  blood  and  soluble  albumin  by  long  soakiiig 
and  frequent  kneading  with  water.  The  water  was  frequealiy 
changed  and  kept  thoroughly  thymolized  so  as  to  prevent  any  ap- 
proach to  putrefaction.  When  the  washings  failed  to  give  any  tor- 
bidity  by  heat,  or  by  acetic  acid  and  potassium  ferrooyanide,  tbf 
washed  tissue  was  placed  in  10  litres  of  a  15  per  cent  solution  of  im- 
monium  chloride  for  extraction  of  the  myosin.  The  resultant  opak^ 
cent  fiuid  was  filtered  through  paper  and  the  myosin  precipitated 
by  saturation  with  sodium  chloride.  The  precipitate  was  quickly 
strained  off,  dried  somewhat  between  folds  of  filter  paper,  dissolved 
in  a  small  amount  of  water  and  reprecipitated  by  treatment  of  tke 
fluid  with  a  large  volume  of  water.  The  precipitate  so  obtained 
was  washed  with  water  until  the  washings  gave  no  reaction  for 
chlorides,  when  it  was  treated  with  weak  alcohol  and  finally  witb 
95  per  cent,  and  absolute  alcohol,  and  ether. 

When  partially  dried,  it  was  ground  fine  and  further  dried  at  llu"" 
C.  until  of  constant  weight,  for  analysis. 

Its  composition  is  shown  in  the  accompanying  table. 


CompoHtion  of  the  MyoHn  of  Mu9cU  Tisme. 
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Myosin  Jf,  from  ox  miLscle,  ' 

A  solution  of  myosin  in  15  per  cent  ammoniam  chloride  was  pre 
pared  from  4  kilos,  of  freshly  killed  beef,  as  described  under  A. 
The  myosin  was  then  separated  from  the  solution  by  dialysis,  eoo- 
tinued  until  nearly  all  of  the  chloride  was  removed.  The  last  tnees 
of  the  ammonium  salt  were  separated  by  filtration  of  the  gelatinooi 
myosin  through  chamois  skin,  and  washing  with  water.  The  preps- 
ration  was  then  treated  exactly  as  A,  and  dried  at  110°  C.  foranaljsii 

By  long  continued  contact  with  water,  as  in  dialysis,  the  predpi- 
tated  or  coagulated  myosin  is  rendered  insoluble  in  dilute  salt  solit- 
tions,  as  noticed  by  Weyl  and  others,  hence  in  this  preparation  it  w» 
not  possible  to  purify  the  substance  by  reprecipitation. 

The  composition  of  the  product  (see  the  accompanying  table)  is 
essentially  the  same  as  that  of  the  preceding  preparation. 

Myosin  (7,  from  sheep^s  miucle. 

This  sample  of  myosin  was  obtained  from  fresh  mutton  in  essen- 
tially the  same  manner  as  the  preceding  preparation,  viz :  by  eItn^ 
tion  of  the  thoroughly  washed  tissue  with  15  per  cent,  ammonina 
chloride,  and  separation  of  the  myosin  by  dialysis. 

On  analysis,  it  was  found  to  possess  a  somewhat  higher  percentsgv 
of  carbon  than  the  two  myosins  from  ox  muscle,  but  in  other  respeco 
it  was  identical  with  them. 

Myosin  J),  from  calf's  muscle. 

A  solution  of  myosin  was  prepared  from  3  kilos,  of  fresh,  lean  mns- 
cle  from  a  young  calf,  by  extraction  of  the  thoroughly  washed  tiw^ 
with  15  per  cent,  ammonium  chloride  solution. 

From  one-half  of  the  filtered  fluid,  myosin  was  precipitated  by 
dilution  with  water  and  purified  by  washing  with  water  until  chlo- 
rides were  entirely  removed.  It  was  then  washed  with  weak  alcohol, 
finally  with  absolute  alcohol  and  ether,  and  then  dried  at  110**  C.  fo^ 
analysis  (D^). 

From  the  other  half  of  the  ammonium  chloride  solution,  mT(»> 
was  separated  by  addition  of  ammonium  chloride  in  substance.  Tbt 
precipitate  was  freed  from  excess  of  ammonium  chloride  by  addi, 
tion  of  just  enough  water  to  dissolve  the  salt,  after  which  thefioe 
culent  myosin  was  strained  off,  dissolved  in  a  little  water,  and  pre^ip 
itated  by  pouring  the  solution  into  a  large  volume  of  water.    It  ^^i 
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then  washed  with  water,  alcohol,  and  ether,  and  dried  at  110°  C. 

in 

The  cora position  of  both  products  is  shown  in  the  accompanying 
tables. 

From  the  analytical  data  it  is  seen  that  the  two  preparations  show 
close  agreement,  although  there  are  minor  differences ;  D",  for  exam. 
pie,  containing  a  slightly  higher  percentage  of  carbon  and  a  corres- 
pondingly lower  percentage  of  nitrogen  than  D^  Further,  D"  con- 
tains less  than  half  as  much  ash  as  the  other  preparation.  Both  show 
fairly  close  agreement  with  the  myosins  from  ox  muscle,  with  per- 
haps a  slightly  higher  average  percentage  of  nitrogen. 

Myosin  Ej  from  fish. 

So  far  as  we  are  aware,  little  attention  has  been  paid  to  the  my- 
osin from  fish  flesh.  Myosin  is  assumed  to  be  present  and  is  supposed 
to  be  of  the  same  general  nature  as  the  myosin  from  other  forms  of 
muscle  tissue. 

We  first  tried  the  separation  of  myosin  from  fresh  cod  (Oadtts 
caUarias  or  G,  morrhua)^  using  2  kilos,  of  the  fresh,  lean  tissue  ob- 
tained in  market.  'The  final  ammonium  chloride  extract  (16  per 
cent)  failed  to  give  anything  more  than  an  insignificant  precipitate, 
either  by  dilution  with  water  or  by  saturation  of  the  fluid  with 
sodiara  chloride. 

A  second  preparation  was  attempted  from  the  flesh  of  the  halibut 
(Bippoglosstis  vulgaris) ;  2*6  kilos,  of  fresh  tissue,  free  from  fasci»,  fat 
and  integument  were  thoroughly  extracted  with  thymolized  water 
for  several  days,  the  chopped  tissue  being  well  rubbed  up  with  the 
water  to  insure  complete  removal  of  soluble  albumins,  etc.  The 
thoroughly  washed  fibre  was  then  triturated  with  a  15  per  cent, 
ammonium  chloride  solution  and  allowed  to  stand  in  contact  with  it 
for  24  hours.  The  filtered  fluid  gave  a  decided  precipitate  on  boiling, 
ind  also  on  addition  of  salt  to  saturation. 

Myosin  was  separated  from  the  ammonium  chloride  solution  by 
iialysis  as  a  more  or  less  gelatinous  precif^itate,  and  was  prepared 
Tor  analysis  by  washing  with  thymolized  water,  and  treatment  with 
ilcohol  and  ether. 

Dried  at  110"*  C.  until  of  constant  weight,  it  yielded  the  following 
results: 

L  0*3335  gram  substance  gave  0*2043  gram  H,0  :=  6  08   per  cent. 
B  and  0-6257  gram  CO,=z  61-16  per  cent.  C. 
Trim.  Cokn.  A.cad.,  Vol.  Till.  16  Dec,  188S. 
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126  Chittenden  and  OtiTfwnns — Nature  u/td  C/temjf/d 

IL  0*4895  gram  substance  gave  67^8™  K  at  15 -4*  C.  and  Iflll" 
pressure  ^  16"50  per  cent,  K, 
IIL  0-4939  gram  substance  gave  0-0116  gram  ash  =  ^-35  per  <Jwt, 

Percentage  composition  of  ash-free  substance, 
G  52-39,  H6'97,  N  1674. 

The  amount  of  myosin  obtained  from  the  fish  muscle  was  not  ■& 
all  com  me  nsu  rate  with  the  amount  of  flesh  experimented  vilk 
Danilewskyj*  however,  foand  in  the  muscle  tissue  of  the  perch  %-H 
per  cent  of  myosin  as  contrasted  with  7-5  per  cent,  in  oi  mtiscle 
Whether  our  itiability  to  separate  a  corresponding  amount  ffOdtki 
tissue  of  the  cod  and  halibut  was  due  to  the  character  of  the  tissue, 
to  its  possible  ataleness,  or  to  inferior  methods  of  separatioo  wi 
cannot  say.  Certainly,  the  yield  of  myosin  in  our  case  was  not  u 
great  as  from  the  muscle  tissue  of  the  ox,  calf^  lamb  or  sheep* 

In  composition,  and  in  such  reactions  as  we  were  able  to  try,  fht 
fish  myosin  was  not  unlike  the  myosin  from  other  preparatiaas. 

Myosin  JfJ  from  ox  muBchn 

A  eolutionin  15  per  cent,  ammonium  chloride  was  prepared  a§  it 
preceding  cases  and  the  myosin  precipitated  by  addition  of  a  l*rgf 
amount  of  water. 

One  half  of  the  precipitated  myosin  was  waslied  with  water  noiil 
all  ammonium  chloride  was  removed,  then  with  alcohol  and  ether, 
and  dried  for  analysis  (F'). 

The  other  half  of  the  myosin  was  washed  somewhat  with  water, 
not  enough  to  render  it  insoluble,  then  dissolved  in  10  per  c&L 
sodium  chloride  solution,  reprecipitated  by  dilution  with  water,  thor- 
oughly washed  and  dried  (F"). 

The  composition  of  the  two  products  is  shown  in  the  accompanying 
tables.  The  results  show  close  agreement  with  eaoh  other,  and  with 
the  preceding  preparations. 

Myosin  6?,  from  ox  muscle. 

According  to  Danilewsky,  a  15  per  cent,  solution  of  ammoDiam 
chloride  is  stronger  than  necessary  for  the  extraction  of  ^myosin  from 


♦  Ueber  die  Abhanghigkeit  der  contractionsart  der  muskeln  von  der  meogen  nr- 
balkiissen  einiger  ihrer  Bestandtbeilo.  Zeitscbrift  fur  pbjslologische  Chemie.  Bod 
vii,  p.  124. 


Composition  of  the  MyoHn  of  Musde  THsstte.  127 

rnnBcle  tissae.  In  fact,  microscopic  examination  showed  that  15  per 
cent  solations  of  this  salt  generally  cause  destruction  of  the  muscle 
fihres,  while  weaker  solutions  of  the  ammonium  salt,  as  5  per  cent., 
extract  the  myosin  equally  well,  without  injuring  the  structural 
elements  in  the  least. 

Thinking  that  possibly  a  purer  myosin  might  be  obtained  by  the 
use  of  a  weaker  salt  solution,  several  kilos,  of  thoroughly  washed 
moflcle  tissae  were  rubbed  up  with  an  excess  of  5  per  cent,  ammo- 
Diam  chloride  and  kept  in  contact  with  it  for  48  hours.  From  the 
filtered  solution,  myosin  was  separated  by  addition  of  a  large  volume 
of  water  and  the  product  washed  and  dried  for  analysis  (G'). 

The  tissue  remaining  after  extraction  as  described,  was  treated 
with  afresh  5  per  cent,  solution  of  ammonium  chloride,  and  from 
this  fluid  a  second  precipitate  of  myosin  was  obtained  by  addition  of 
water.    This  also  was  washed  and  dried  for  analysis  (G"). 

The  residue  of  tissue  still  remaining  was  then  extracted  with  a  15 
per  cent,  solution  of  ammonium  chloride.  The  extract  so  obtained 
gave  a  flocculent  precipitate  on  saturation  with  sodium  chloride,  and 
a  coagulum  appeared  on  boiling  the  solution,  but  no  precipitate  could 
be  obtained  on  addition  of  a  large  volume  of  water.  It  is  thus  evi- 
dent that  there  was  an  almost  complete  extraction  of  myosin  by  the  5 
per  cent,  solution  of  the  ammonium  salt. 

On  precipitating  the  small  amount  of  myosin  present  in  the  15  per 
cent,  ammonium  chloride  solution  by  saturation  of  the  fluid  with 
salt,  a  clear  filtrate  was  obtained  which  gave  a  turbidity  on  boiling 
and  also  on  addition  of  acetic  acid  and  potassium  ferrocyanide,  thus 
showing  the  presence  of  a  small  amount  of  soluble  albumin. 

The  composition  of  the  two  myosins,  as  seen  from  the  accompany- 
ing tables,  does  not  difler  at  all  from  that  of  other  preparations. 


Myosin  JET,  from  muscle  of  sheep. 

In  this  preparation,  the  thoroughly  washed  and  chopped  muscle 
was  partially  extracted  with  a  5  per  cent,  ammonium  chloride  solu- 
tion, and  the  myosin  separated  by  addition  of  water.  It  was  then 
washed  and  dried  for  analysis  (H^). 

The  residue  of  tissue  was  extracted  with  a  15  per  cent,  solution  of 
ammonium  chloride  and  the  myosin  separated  from  this  solution, 
likewise,  by  addition  of  water  (H"). 
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R£»um£  op  the  Analytical,  Results. 


Mjosin  A,   from  ox . 

"        B.   •••       " 

C,      **  sheep.. 

D-,     »*  calf... 

D",   **  **     ... 

E,      **  halibut 

P,     **  ox.... 
P',    " 

*         G',     -        * 

G",    **       ** 

H',     **  sheep.. 

H'«,   **  V     .. 

**         I,       **       ox 

Iverage 

ibrinc^en* 

'ibrin* 

^araglobulin*  . .  .  

^  albuminf 


C 
5d-84 
52-51 
58-24 
52-84 
52-97 
52-39 
52-99 
52-88 
58-05 
62-82 
52-84 
52-57 
52-79 

62-82 


H 

7-12 
7-09 
712 
7-11 
7-18 
6-97 
711 
7-10 
7-19 
711 
7-10 
7-10 
7-12 

7-11 


N 
16-89 
16-58 
16-45 
17-14 
16-96 
16-74 
16-78 
16-74 
16-52 
16-80 
16-91 
16-84 
16-86 

16-77 


1-49 
1-26 
1-28 
1-88 
1-25 


1-27 


0 
21-66 
22-62 
21-96 
21-58 
21-69 


1-29 

21-88 

1-81 

2202 

1-18 

22-06 

1-16 

2211 

1-28 

21-87 

116 

22-88 

1-26 

21-97 

21-90 


52-93 

6-90 

16-66 

1-25 

22-26 

52-68 

6-88 

16-91 

1-10 

22-48 

52-71 

7-01 

15-85 

111 

23.-82 

52-18 

6-98 

15-81 

1-87 

28-21 

♦  Hammareten,  Jahresbericht  der  Thierchemie,  vol.  x,  p.  11. 

f  Chittenden  and   Bolton.    Studies  from  Laboratory  of  Physiological  Chemistry, 

ale  University,  vol.  ii,  p.  134. 
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The  two  products  are  seen  to  be  practically  identical  in  coopo- 
sition,  and  show  close  agreement   with  the  other  preparations  of   i 
myosin. 

Myosin  I^from  muscle  of  ox. 

This,  the  last  product  analyzed,  was  obtained  from  ao  ammooiuo 
chloride  extract  of  the  washed  muscle  tissue  from  a  freshly  killed 
ox,  by  dialysis.  After  being  washed  and  dried  at  110**  C.  it  iras  »m* 
lyzed  with  the  results  shown  in  the  accompanying  table. 

On  comparing  now  the  composition  of  the  thirteen  preparatioDi  of 
myosin  analyzed,  there  is  seen  to  be  a  very  close  agreement  throogin 
out.  Further,  on  comparing  the  average  of  the  analytical  remlu 
with  Hammarsten's  figures  for  fibrinogen,  the  composition  of  the 
two  bodies  is  seen  to  be  almost  identical.  Compared  with  ^ 
albumin,  the  most  striking  dififereuce  in  composition  is  the  low 
content  of  sulphur,  and  even  if  we  assume  with  Danilewsky*  thii 
the  sulphur  of  the  ash  comes  from  the  sulphur  of  the  myodn  th€ 
correction  therefor  would  not  materially  lessen  the  difference. 
Myosin  also  contains  nearly  one  per  cent,  more  nitrogen  than  egg 
albumin. 

Coafftdation  of  myosin  solutions. 

According  to  Ktthne,f  the  coagulation  of  myosin  in  a  10  per  cent 
sodium  chloride  solution  occurs  at  56-60°  C.  WeyiJ  obtained  simiiftr 
results.  Dani1ew6ky§  states  that  a  12-1 5  per  cent,  ammonium  cblondt 
solution  of  myosin  becomes  somewhat  turbid  at  42-43°  C,  decidedly 
turbid  at  45-50°  C,  while  at  55°  C.  a  flocculent  precipiute  sep- 
arates. The  same  investigator  also  found  that  the  more  concentnl^^ 
the  ammonium  chloride  solution  was,  the  lower  the  temperatare  i& 
which  the  turbidity  and  separation  of  a  precipitate  occurred,  althoogb 
never  below  40°  C.  In  common  with  other  proteid  bodies  a  slight 
degree  of  acidity  lowers  the  temperature  of  coagulation,  while  a  oo^ 
responding  degree  of  alkalinity  raises  it.     According  to  the  recent 

*  Zeitschrifl  fiir  Physiologische  Chemie,  Band  v,  p.  161. 
f  Lehrbuch  der  Physiologischen  Chemie,  p.  275. 
\  Zeitachrift  fiir  Physiologische  Chemie,  Band  i,  p.  77. 
§  Zeitschrift  fur  Physiologische  Chemie,  Band  v,  p.  160. 
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work  of  HalliburtOD,*  mascle-clot  or  myosin  is  formed  from  a  sub- 
stance (myosinogen)  in  the  mnscle-plasma  which  coagulates  by  heat 
at  47°  C.  and  56°  C,  thns  indicating  that  it  probably  consists  of  two 
distinct  proteids  which  coagalate  at  these  temperatures  respectively. 
Further,  Halliburton  considers  that  whenever  myosin  is  dissolved  in 
a  suitable  saline  solution,  it  is  at  once  re-converted  into  myosinogen, 
or  rather  into  two  proteids  which  resemble  myosinogen  in  that  they 
have  the  same  heat  coagulation  temperatures  and  that  they  are  con- 
vertible into'  myosin  by  dilution  of  their  saline  solutions.  In  salted 
muscle-plasma,  Halliburton  recognizes  five  distinct  proteid  bodies, 
distinguishable  by  fractional  heat  coagulation,  viz  : 

47°  C,  a  flocculent,  somewhat  sticky  precipitate. 
56^  C,  a  more  abundant  and  very  sticky  precipitate. 
63°  C,  a  finely  flocculent  precipitate,  not  sticky. 
78°  C,  a  finely  flocculent  precipitate,  not  sticky. 
A  non-coagulable  albumose. 

Of  these,  the  two  proteids  coagulating  at  47°  C.  and  66°  C,  make 
up  the  muscle-clot  or  myosin. 

With  these  preliminary  statements,  we  proceed  to  the  results  ob- 
tained in  our  study  of  the  coagullation  points  of  the  different  myo- 
sins, simply  prefacing  it  with  the  explanation  that  our  experi- 
ments were  performed  previous  to  reading  Halliburton's  paper. 
Naturally,  the  temperature  of  coagulation  offers  the  simplest  and 
surest  means,  in  conjunction  with  the  determination  of  composition, 
of  detecting  any  difference  in  the  character  of  the  myosins  from 
different  sources.  And  with  this  as  the  main  object  the  following 
experiments  were  tried.  In  every  experiment,  the  muscle  tissue  was 
chopped  quite  fine  and  very  thoroughly  extracted  with  water,  well 
thymolized,  prior  to  solution  of  the  myosin  with  the  saline  fluid. 

We  first  demonstrated  to  our  satisfaction  that  a  6  per  cent,  ammo- 
nium chloride  solution  of  myosin  invariably  coagulates  at  a  lower 
temperature  than  a  5  per  cent,  sodium  chloride  solution,  and  further, 
that  the  original  saline  extract  of  washed  muscle  shows  approxi- 
mately the  same  temperature  of  coagulation  as  the  salt  solution  of 
precipitated  myosin. 

*  Journal  of  Physiology,  vol.  yiii,  p.  148. 
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Fkordoi 

A.  5  percent  NIl^CI  extract  of  sheep's  rau^icb,     i2^  i\       +7H. 

B.  6  per  cenL   Nli^Cl   solution  of  Il^O  precipi- 

tate of  myo«in»  from  A,  44°  it^"^ 

C.  5  per  cent  NaCl  solution  of  1 1^0  precipitate 

of  ray  OS  in,  from  A. 

D.  5  per  cent,  Nli^Cl  extract  of  ox  muscle, 

E.  6  per  cent,  NaCl  solution  of  H^O  precipitate 

of  myosin,  from  D, 

F.  '6  per  cent*  NH^Cl  extract  of  lamVs  muscle. 

G.  6  per  cent.  NaCl  solution  of  HjO  pi-ecipitate 

of  myosin,  from  F. 
H.     6  per  cent  NH^Cl  extract  of  calf  s  muscle, 
I.      5  per  cent,  NaCl  extract  of  same. 

J.     6  per  cent,  NH^CI  extract  of  breast  mascle 

from  chicken. 
K.     6  per  cent,  NaCl  extract  of  same. 

L.     5  per  cent.  NH^Cl  extract  of  leg  rauaclo  from 

chicken, 
M.    5  per  cent.  NaCl  extract  of  same. 

In .  all  of  these  trials,  the  filtrate  from  the  flocculent  precipitiUr 
failed  to  show  any  further  coagulation,  although  the  temperetort 
was  raised  to  above  75®  C. 

The  results  show  a  varying  difference  in  the  coagulation  poinU  of 
the  ammonium  and  sodium  chloride  solutions,  but  on  an  average  th* 
difference  amounts  to  eleven  degrees.  It  further  appears  that  tV 
myosin  solutions  (in  NaCl)  from  lamb,  calf,  and  chicken  muscle  hare 
a  somewhat  lower  coagulating  point  than  the  corresponding  extncti 
from  ox  and  sheep  muscle. 

In  another  series  of  results,  shown  in  the  accompanying  uble,  lb* 
same  difference  in  coagulation  point  shows  itself,  and  it  is  further  seru 
that  the  extracts  from  rabbit's  and  halibut's  muscle  have  a  still  lover 
coagulating  point.  Further,  in  this  series  of  experiments,  the  filtrstr 
from  the  first  coagulum  gave  a  second  precipitate  on  raising  the  tem 
perature,  and  in  the  case  of  the  muscle  from  ox  and  lamb,  a  tbini 
coagulum  was  obtained  at  74''  C! 


57" 

«2 

40' 

44* 

il" 

»r 

44° 

ir 

51" 

SI" 

4r 

44' 

53° 

5«^ 

43° 

»' 

63" 

sf 

45° 

48' 

56° 

81° 

Composition  of  the  Myosin  of  Muscle  Tissue, 


187 
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The  results  collectively  fail  to  show  the  presence  of  a  proteid 
coagulating  at  47°  C,  given  by  Halliburton  as  characteristic  of  myo- 
sin, but  they  do  show  a  coagulum  at  56^  C.  or  thereabouts,  correspond- 
ing to  Halliburton's  second  proteid.  This  difference  is  possibly  due 
to  the  character  of  the  saline  solution,  Halliburton  having  used  a 
magnesium  or  ammonium  sulphate  solution.  The  coagulums  obtained 
it  higher  temperatures  show  an  approach,  at  least,  to  the  figures  found 
by  Halliburton  in  his  fractional  coagtilation  of  salted  muscle-plasma. 

*Lob8terdid  not  yield  enough  myosin  to  permit  of  an  exact  determination,  still  a 
lecided  turbidity  was  present  at  65"  C.  The  addition  of  water  to  the  5  per  cent.  NaCj 
folutioD,  gave  a  flooculent  precipitate  which  changed  to  a  glairy  mass  resembling  much 
the  white  of  an  egg.  On  washing  with  water  it  became  insoluble,  but  differed  in 
K^Dertl  appearance  from  aimilar  precipitates  from  other  sources. 


TiUNa  CoKK.  Acad.,  Tol.  VIII. 


18 


Deo.,  1888. 


138         Chittenihn  and  Cummbis — Mf/o»ifi  of  Mf^^ck^  T^s^m. 

A  careful  study  of  tlie  preceding  reeults,  combined  with  wb&t  ku    ■ 
been  known  conceniiiig  tbe  chemical  properties  of  myosin^  seemi  U    ( 
justify  the  auHumption  that  myosin,  aa  it  occurs  throaghoat  the  ui-    | 
mal  kingdom,  is  a  single  cbemical  compoundj  doubtless  fonDe^^i*    < 
suggested  by  HalliburtoHj  by  the  interaction  of  one  or  more  mjm- 
ogens  and   a  ferment  body.     That  myosin  iii  a  single  body^  ii  m^ 
ported  by  the  observed  agreement  in  chemical  composition  tnJ  ih 
general  uniformity  in  the  temperature  of  coagulation  of  myosin  frw 
varions  animal  sourcett,  and  is  furthermore  to.  be  inferred  from  ti* 
similarity  in  function   of  the  tissue  in  which   it  occurs  most  aW 
dantly. 
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VIII, — Myoslnoses.    By  W.  Kuhne  and  R.  H.  Chittenden. 

Of  the  primary  digestion  products  of  the  various  proteids,  the 
albamoses  from  fibrin  *  and  egg  albumin  f  have  been  more  or  less 
carefully  examined  and  analyzed,  as  also  the  globuloses,!  the  case- 
08es,§  and  elastinoses.  |  Further,  the  vitelloses  ^  have  likewise  been 
prepared  from  crystalline  phyto-vitellin  and  their  properties  ascer- 
tained. With  the  hope  of  gradually  completing  the  list  we  have 
undertaken  a  study  of  the  primary  digestion  products  of  myosin^  the 
results  of  which  we  now  present. 

For  the  preparation  of  myosin,  large  quantities  of  finely  divided 
ox  muscle  were  extracted  with  cold  water  until  the  fluid  no  longer 
gave  reaction  for  albumin,  after  which  the  tissue  was  placed  in  an 
excess  of  a  15  per  cent,  ammonium  chloride  solution,  and  the  myosin 
ultimately  precipitated  from  the  filtered  fluid  by  dialysis.**  The  ex- 
traction of  myosin  with  ammonium  chloride,  after  the  method  of 
DaDilewsky,ff  is  far  better  in  every  way  than  the  older  method  of 
extraction  with  10  per  cent,  sodium  chloride,  since  myosin  is  dis- 
solved more  rapidly  and  completely  by  the  ammonium  salt,  even 
from  coarsely  divided  muscle,  and  at  the  same  time  forms  a  more 
easily  filterable  fluid.  Further,  the  advantage  of  precipitating  the 
myosin  by  dialysis  in  running  water,  instead  of  pouring  the  ammo- 
nium chloride  solution  into  a  large  excess  of  water,  consists  in  the 
avoidance  of  the  large  volumes  of  fluid  necessary  in  the  preparation 
of  such  a  large  quantity  of  myosin,  while  at  the  same  time  the  my- 
osin is  obtained  equally  free  from  soluble  salts.  At  the  best,  how- 
ever, the  preparation  of  such  a  quantity  of  myosin  as  was  needed  in 
the  present  investigation  involved  a  large  amount  of  labor  and  a 
comparatively  low  temperature,  hence  compelling  us  to  take  the 
winter  season  for  the  work.  The  united  products  obtained  in  this 
manner  were  treated  ultimately  with  dilute  alcohol,  whereby  the 
semi-gelatinous  mass  was  naturally  more  or  less  shrunken,  and  finally 
with  ether. 

*Zeit9chrift  f^  Biologie,  Band  xix,  p.  159  and  Band  xx,  p.  11. 

f  Studies  from  Laboratory  of  Physiological  Chemistry,  Yale  University,  vol.ii,  p.  126. 

i  Zeitschrif t  fUr  Biologie,  Band  xxii,  p,  409. 

g This  volume,  p.  66.  (This  volume,  p.  19. 

^  Ueber  vitelloeen,  by  Dr.-  R.  Neumeister.    Zeitschrif  t  filr  Biologie.    Band  xxiii,  p.  2. 

**  See  the  preceding  article. 

ff  Zeitschrift  f^  Physiologische  Chemie,  Band  v,  p.  1 58. 
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A  sample  of  the  product,  carefully  dried  at  110**  C.  until  of  con-    j 
stant  weight,  yielded  the  following  results  on  analysis. 

Mt/aain. 

I.  0*3665  gram  substance  gave  0'2313  gram  H,0  =  7*01  percent. 
H  and  0-7058  gram  C0,=  62'48  per  cent.  C. 

II.  0-4900  gram  substance  gave  0*9404  gram  CO,=  52-48  per  «ol 
C. 

in.  0-2913  gram  substance  gave  0-1868  gram  H,0  =  7-13  per 
cent.  H  and  0-5696  gram  CO,  =  52-38  per  cent.  C. 

IV.  0-7746  gram  substance  gave  109'1  c.c.  N  at  16-4°  C.  and  75^ 
mm  pressure  :=  16*73  per  cent.  N. 

V.  0-5013  gram  substance  gave  70-6  c.c.  N  at  14-7**  C.  and  75:s 
mm  pressure  =16-72  per  cent.  N. 

VI.  0*7524  gram  substance  gave  105*9  c.c.  N.  at  15-0®  C.  and  760-: 
mm  pressure  ^16*77  per  cent.  N. 

VIL  0*6629  gram  substance  gave  0-0043  gram  ash  =  0-65  per 
cent. 

VIII.  0*6741  gram  substance  gave  0-0046  gram  ash  =  0-68  |*r 
cent. 

IX.  The  ash  from  1*3370  grams  substance  gave  0-002  gram  BaSO, 
=  0-02  per  cent.  S. 

X.  0-4967  gram  substance  gave  by  fusion  with  koh  +  kno„  afttr 
Hammarsten's  method,  0-0458  gram  BaSO^^  1-26  per  cent.  S;  d^ 
ducting  0*02  per  cent.  S  of  ash  ^  1  -24  per  cent 

XL  0-5992  gram  substance  gave  after  fusion  with  koh+o**. 
0-0552  gram  BaSO^=l-28  percent.  S;  deducting  0-02percent.=:I-r" 
per  cent. 

Percentage  composition  of  ash-free  myosin, 

C        52-82        53-83        52*78        KT? 

H         7-06         ....         717        V\i 

N         16-86      16-88       16-88        !«-€ 

S          1-25        1-27  1^ 

O         21^ 


The  ash  consisted  almost  entirely  of  calcium  phosphate. 
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Digestion  of  Myosin, 

The  myosin  purified  as  described  with  alcohol  and  ether,  prov^i 
so  resistant  to  the  action  of  pepsin-hydrochloric  acid,  that  its  dig«F 
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tioD  could  be  accomplished  only  by  repeated  treatment  with  the  fer- 
ment. The  gastric  juice  at  first  emyloyed  was  prepared  by  warming 
120  grams  of  mncous  membrane  from  a  pig's  stomach  with  1200  c.  c. 
0-4  per  cent,  hydrochloric  acid  for  24  hours  at  41°  C,  filtration 
through  paper,  dilution  of  the  acid  fluid  with  an  equal  volume  of 
water  and  further  exposure  to  a  temperature  of  40°  C.  for  four  days, 
in  order  to  convert  any  dissolved  albumoses  into  peptone. 

The  digestive  fluid  so  obtained  contained  0*2  per  cent.  HCl  and 
0-5  per  cent,  solid  matter. 

200  grams  of  finely  powdered  myosin  were  placed  in  2  litres  of 
this  gastric  juice,  2  litres  of  0*2  per  cent,  hydrochloric  acid  added 
and  the  whole  warmed  at  40°  C.  for  two  days.  As  only  a  little  of 
the  myosin  appeared  to  be  dissolved,  the  acidity  was  increased  to 
0*4  per  cent,  and  the  mixture  continued  at  40°  C.  for  24  hours  longer. 
Although  a  large  residue  still  remained  undissolved,  the  entire 
mixture  was  made  neutral  with  sodium  hydroxide  and  strained 
through  a  cloth  filter.  The  undigested  residue,  together  with  the 
abundant  neutralization  precipitate,  was  again  warmed  for  several 
days  at  40°  C.  with  2  litres  of  0-4  per  cent,  hydrochloric  acid  con- 
taining 7*5  grams  of  scrapings  from  a  stomach  mucous  membrane. 
After  stopping  the  action  of  the  pepsin  by  neutralization,  this  second 
digestive  fluid  was  added  to  the  first.  In  spite  of  the  energetic 
action  of  the  pepsin  (tested  by  allowing  a  little  of  the  solution  to 
act  on  boiled  fibrin),  there  still  remained  considerable  undissolved 
substance  together  with  considerable  neutralization  precipitate,  the 
whole  apparently  very  resistant  to  the  action  of  the  ferment.  In  the 
united  solutions  there  was  present  less  than  100  grams  of  organic 
matter,  of  which  it  is  fair  to  presume  about  10*5  grams  consisted  of 
impurity  in  the  form  of  substances  from  the  stomach  membrane. 
When  it  is  remembered,  however,  that  well  prepared  gastric  juice 
contains  only  a  very  small  amount  of  substances  precipitable  by  the 
salts  used  in  separation  of  the  proteoses,  it  is  fair  to  assume  that  this 
impurity  in  the  digestive  fluid  is  unimportant  in  the  study  of  the 
myosinoses.     In  all,  nearly  60  grams  of  myosinoses  were  obtained. 

For  separation  of  the  myosinoses,  the  united  neutral  filtrates  were 
concentrated  to  about  one-sixth  of  their  volume  and  saturated  with 
crystals  of  rock  salt,  by  which  the  fluid  was  converted  into  a  gelatinous 
mass.  On  adding  saturated  salt  solution  to  a  portion  of  the  filtered 
fluid  it  was  rendered  decidedly  turbid ;  consequently,  three  volumes 
of  a  saturated  sodium  chloride  solution  were  added  to  the  mixture, 
after  which  it  was  found  that  neither  salt  in  substance  or  in  solution 
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would  give  any  further  turbidity.  From  this  it  is  evident  that  the 
neutral  digestive  fluid  is  not  completely  precipitated  by  simple  salo- 
ration  with  sodium  chloride,  but  that  complete  precipitatioD  ii 
reached  only  when  the  absolute  quantity  of  salt  stands  in  a  certaJB 
proportion  to  the  proteoses  present. 

After  this  separation  of  the  first  portion  of  the  myosinoseSy  which 
would  naturally  consist  of  proto,  hetero,  and  dysmyosinose,  tbe  re- 
mainder were  precipitated  first  with  salt-satnrated  30  per  cent 
acetic  acid  and  then,  after  removal  of  the  sodium  chloride  by  dialy- 
sis, with  neutral  ammonium  sulphate.  In  the  solation  remaining 
from  this  last  precipitation,  peptone  .was  detected  by  tbe  biuret  re- 
action. 

Protomyo8%7io8€. 

The  sodium  chlonde  precipitate,  after  thorough  washing  with 
saturated  salt  solution,  dissolved  almost  entirely  on  being  rubbed  tp 
with  water. 

What  did  remain  undissolved,  showed  the  reactions  of  dyBalbo* 
mose.  It  was  insoluble  in  water  and  in  salt  solutions  of  all  s^ngthe, 
but  easily  soluble  in  0*1  per  cent,  hydrochloric  acid,  much  more  diffi- 
cultly soluble  in  0*5  per  cent,  sodium  carbonate,  by  neutralizaticc 
only  partially  precipitated  and  gave  the  biuret  reaction.  From  tbe 
filtrate  of  the  neutralized  hydrochloric  acid  solution,  some  heuro- 
myosinose  in  the  form  of  a  flocculent  precipitate  was  obtained  by 
dialysis.  This  hetero  body  was  soluble  in  dilute  sodium  chloride 
solutions,  insoluble  in  water,  precipitable  by  salt  in  substance,  aod 
after  the  manner  of  the  albumoses  gave  a  precipitate  with  nitiic  uU 
in  the  cold,  which  disappeared  as  the  mixture  was  warmed,  reappear- 
ing as  the  solution  cooled.  This  heteromyosinose,  formed  from  dfs- 
myosinose  by  a  process  of  retrogression,  amounted  to  considerable ; 
about  1*6  grams. 

Reactions  of  Protomyosinose, 

In  order  to  purify  protomyosinose  the  aqueous  solution  of  tbe 
substance  was  freed  from  sodium  chloride  by  dialysis,  by  which  only 
traces  of  heteromyosinose  separateij,  and  the  solution  evaporated  to  x 
thin  syrup.  The  fiuid  was  filtered  from  a  slight  flocculent  albumio- 
like  precipitate  insoluble  in  hot  water,  somewhat  further  concei- 
trated  and  the  pure  myosinose  separated  by  alcohol  After  waduBf 
with  alcohol  and  ether  it  appeared  as  a  light,  white  powder.  Tbr 
yield  amounted  to  about  ten  grams. 
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The  reactions  of  protomyoBinose  agree  in  general  with  those  of 
protoalbamose,  but  with  one  important  difference,  viz:  that  an 
aqneous  solution  of  the  former,  free  from  salt,  of  whatever  concen- 
tration, is  not  rendered  turbid  by  nitric  acid.  Addition  of  even  a 
little  sodium  chloride  to  the  acid  fluid,  however,  is  sufficient  to  cause 
a  heavy  precipitate,  soluble  as  the  mixture  is  warmed  but  reappear- 
ing as  the  solution  cools.  The  precipitate  is  also  soluble  in  an  ex- 
cess of  the  acid  in  the  cold. 

Protomyosinose  is  readily  soluble  in  distilled  water,  the  solution 
showing  a  weak,  but  unquestionably  alkaline  reaction.  In  this  solu- 
tion, as  well  as  in  a  solution  rendered  acid  by  acetic  acid,  cupric  sul- 
phate produces  a  heavy  turbidity,  which  on  boiling  almost  entirely 
disappears.  Acetic  acid  and  potassium  ferrocyanide  produce  a  heavy 
precipitate,  insoluble  in  glacial  acetic  acid.  Neutral  lead  acetate 
gives  no  precipitate.  Basic  lead  acetate  and  mercuric  chloride 
both  produce  a  heavy  turbidity.  An  aqueous  solution  of  the 
myosinose  boiled  with  sodium  hydroxide  and  lead  acetate  is  colored 
deep  brown  or  black ;  with  sodium  hydroxide  and  cupric  sulphate  a 
beautiful  red.  Concentrated  sodium  hydroxide,  as  in  protoelastose, 
produces  a  heavy  flocculent,  gelatinous  precipitate.  By  saturation 
of  an  aqueous  solution  of  protomyosinose  with  sodium  chloride,  only 
a  portion  of  the  substance  is  precipitated  ;  the  portion  remaining  dis- 
solved is  precipitable  by  acid. 

The  composition  of  the  substance,  dried  at  110°  C.  until  of  con- 
stant weight,  is  shown  by  the  following  analysis. 

ProtomyoHnoae, 

L  0'3722  gram  substance  gave  0-2387  gram  H,0  =  7*12  per  cent. 
H  and  0-7090  gram  C0,=  61-95  per  cent.  C. 

n.  0-4239  gram  substance  gave  0*2688  gram  H,0  =  7*05  per  cent. 
H  and  0-8048  gram  CO,=  51*77  per  cent.  C. 

in.  0*3319  gram  substance  gave  0*2138  gram  H,0  =  7-15  per  cent. 
H  and  0-6308  gram  C0,=  51*83  per  cent.  C. 


mm 

V 

mm 

mm 


in.  0*3319  gram  substance  gave  0*2138  gram  H,0  =  7*15  per  cent, 
and  0-6308  gram  C0,=  51*83  per  cent.  C. 

IV.  0-4798  gram  substance  gave  67*5  c.  c.  N  at  US'*  C.  and  762-1 
m  pressure  =  16-79  per  cent.  N. 

V.  0-5663  gram  substance  gave  78*3  c.  c.  N  at  16-1°  C.  and  768*2 
m  pressure  =  16-64  per  cent,  N. 

VI.  0*4429  gram  subsUnce  gave  62*7  o.  c.  N  at  15*8°  C.  and  758*2 
m  pressure  =  16-77  per  cent.  N. 

VIL  0-5494  gram  substance  gave  0*0062  gram  ash  =  ri3  per  cent. 
Vin.  0-7080  gram  substance  gave  0-0081  gram  ash=ri4  percent. 
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IX.  The  ash  from  1*2574  grams  sabstance  gave  0*0132  gram  BaSO, 
=  0*14  per  cent.  S. 

X.  0*4183  gram  substance  gave  after  fusion  with  koh  4-  K5o, 
0*0450  gram  BaSO^=l*47  per  cent.  S  ;  after  deducting  0*14  per  cent 
S  of  the  ash  =  1*33  per  cent. 

XI.  0*3963  gram  substance  gave  after  fusion  with  koh  -I-  kuo, 
0*0411  gram  BaSO^=  1*42  per  cent.  S;  deducting.  0*14  per  cent= 
1*28  per  cent. 


Percentage  composition  of  ash-free  protomyosinose. 
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The  ash  contained  only  calcium   phosphate  and  sulphate,  with  & 
little  ferric  oxide. 

DeiUeromf/osinose. 

This  myosinose,  as  we  have  before  mentioned,  was  ohtained  mainlj 
by  saturation  with  ammonium  sulphate.  After  removal  of  \ht 
greater  portion  of  protomyosinose  by  saturation  with  salt  u  de- 
scribed, deuteromyosinose  was  in  part  precipitated  by  salt-sataratfri 
acetic  acid,  but  this  precipitate  could  not  be  used  on  accoant  of  the 
large  amount  of  proto  body  precipitated  with  it,  as  shown  by  tk 
cupric  sulphate  reaction.  This  method  of  treatment,  howe?er, 
although  necessitating  the  loss  of  considerable  denteromyoanose, 
enabled  us  to  remove  the  proto  body  completely  and  thus  ensure  » 
pure  specimen  of  deuteromyosinose  on  treatment  of  the  filtrate  whk 
ammonium  sulphate.  Naturally,  before  saturating  the  fluid  with  Jk 
ammonium  salt,  the  sodium  chloride  was  removed  by  dialysis.  Tbf 
myosinose  thus  precipitated  by  saturation  with  ammonium  solpbat* 
was  dissolved  in  water  and  dialyzed  until  the  sulphate  was  entirelj 
removed,  or  to  such  an  extent  that  the  fluid  gave  only  the  eligbUst 
turbidity  with  barium  chloride  even  on  long  standing.  We  hasten^i 
the  removal  of  the  sulphate  by  repeated  evaporation  and  renew««i 
dialysis  of  the  concentrated  fluid.  The  substance  was  finally  p*^* 
cipitated  from  the  suitably  concentrated  fluid,  as  a  white  powder,  bv 
alcohol  and  washed  with  alcohol  and  ether.  It  weighed  forty-fivt 
grams. 
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Reactions  of  deuteromyoeinose. 

Like  the  preceding  myosinose,  this  body  also  reacts  alkaline  in  an 
aqueous  solution  and  this  property  exercises  more  or  less  of  an  influ- 
ence on  certain  of  its  reactions.  In  order  to  convince  ourselves  of  the 
absence  of  traces  of  either  proto  or  heteromyosinose,  we  paid  particu- 
lar attention  to  the  behavior  of  the  deutero  body  towards  the  cupidc 
sulphate  reaction,  which  according  to  Neumeister's  observations  is  a 
decisive  test  on  this  point.  A  fairly  concentrated  solution  of  our 
preparation  was  not  rendered  turbid  by  cupric  sulphate  in  the  cold, 
but  after  boiling  and  then  cooling  the  mixture,  a  slight  turbidity 
appeared.  Solutions  of  the  substance  so  concentrated  as  to  be 
almost  syrupy,  gave  a  slight  turbidity  at  once,  the  turbidity  disap- 
pearing when  the  solution  was  heated  and  reappearing  as  the  fluid 
cooled.  By  partial  neutralization  of  the  alkalinity  of  the  myosinose 
solution,  leaving  the  fluid,  however,  still  alkaline  to  delicate  test 
papers,  precipitation  by  cupric  sulphate  was  entirely  prevented.  As 
protomyosinose  is  precipitated  by  the  copper  salt  equally  well  in  an 
acid  fluid,  we  are  led  to  consider  our  deuteromyosinose  entirely  free 
from  this  impurity. 

In  general,  deuteromyosinose  shows  much  the  same  reactions  as 
deuteroalbumose,  but  is  somewhat  different  from  the  latter  in  that  it 
is  more  difficultly  precipitable.  Acetic  acid  and  nitric  acid  produce 
a  precipitate  only  after  addition  of  sodium  chloride  to  saturation. 
Acetic  acid  and  potassium  ferrocyanide  give  a  decided  turbidity,  not 
soluble  in  glacial  aectic  acid.  Basic  lead  acetate  and  mercuric 
chloride  both  produce  a  precipitate,  insoluble  in  excess  of  the  rea- 
gent. Cold  nitric  acid  quickly  produces  an  intense  yellow  color. 
The  biuret  reaction  comes  out  distinctly,  but  on  boiling  the  my- 
osinose with  sodium  hydroxide  and  lead  acetate  only  a  faint  brown- 
ing of  the  fluid  is  obtained. 

The  composition  of  the  substance,  dried  at  110°  C,  is  shown  by 
the  following  analysis : 

Deuteromyosinose, 

I.  0'2121  gram  substance  gave  0'1394  gram  11,0:=  7*30  per  cent. 
H  and  0-3896  gram  C0,=  50*09  per  cent.  C. 

n.  0*2 116  gram  substance  gave  0*1390  gram  H,0  =  7*30  per  cent. 
H  and  0-3891  gram  C0,=  50-12  per  cent.  C. 

in.  0-3830  gram  substance  gave  53-6  c.  c.  N  at  15*0°  C.  and 
762-5  mm  pressure  =  16-71  per  cent.  N. 

Tbans.  Conn.  Aoad.,  Vol.  VII I.  19  Dec.,  1888. 
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IV.  0-2940  gram  substance  gave  41-4  c.  o.  N  at  15-7''  C.  and  159*1 
mm  pressure  =  16*72  per  cent.  N. 

V.  0'4572  gram  substance  gave  0*0080  gram  ash  =  1*77  per  cent. 

VI.  0*6462  gram  substance  gave  0*0094  gram  ash  =  1*72  per 
cent. 

YII.  The  ash  from  1*0034  grams  substance  gave  0*0116  gram 
BaSO,=  0*J6  per  cent.  S. 

VIII.  0*3343  gram  substance  gave  after  fusion  with  koh  -f-  kno, 
0*0315  gram  BaSO^=  1*29  per  cent.  S  ;  after  deducting  0*15  per  cent. 
S  of  the  ash  =  1*14  per  cent. 

IX.  0*4050  gram  substance  gave  after  fusion  with  koh  +  kno, 
0*0420  gram  BaSO^=  1*42  per  cent.  S;  deducting  0*15  per  cent.:= 
1*27  per  cent. 

Percentage  composition  of  ash-free  deuteromyosinose. 

Average. 

C        50*95        50-98         

H         7-42  7*42  

N         17*00        17*01         

S  1*16  1*28 

10000 
The  ash  consisted  only  of  calcium  phosphate  and  sulphate,  with 
some  oxide  of  iron. 

This  is  as  far  as  we  have  been  able  at  present  to  carry  our  study  of 
the  myosinoses,  since  hetero  and  dysmyosinose  appear  to  have  been 
present  in  the  digestions  only  in  very  small  quantity.  Myosin 
purified  by  alcohol,  as  was  the  preparation  employed  by  us,  is  so  diffi- 
cultly digestible  that  it  is  attacked  only  by  the  most  energetic  pepsin 
mixture,  and  this  has  the  disadvantage  of  rapidly  converting  hetero 
and  protoproteose,  which  according  to  Neumeister's  *  investigations 
are  formed  in  the  beginning  of  digestion,  into  the  dentero  body;  con- 
sequently in  the  present  instance  we  could  expect  a  large  amount  only 
of  deuteromyosinose.  Corresponding  with  this  view,  we  obtained  for 
45  grams  of  deuteromyosinose,  only  10  grams  of  protomyosinose  and 
but  3  grams  of  hetero  and  dysmyosinose.  Further,  the  unavoidable 
loss  attending  the  separation  of  these  bodies  was  probably  greater 
with  deuteromyosinose  than  with  the  others.  Portions  of  the  fluid 
from  the  first  and  second  digestion,  tested  before  they  were  united, 
showed  also  a  difference  in  that  the  fluid  from  the  first  digestion  con- 

*  Loc.  cit. 
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taioed  far  more  proto  and  dysmyoBinose  than  the  latter,  which,  on  the 
other  hand,  was  particularly  rich  in  deuteromyosinose.  From  this  it 
is  evident  how  an  albaminous  body  can  in  one  sense  be  difficultly 
digestible,  in  that  its  solution  takes  place  slowly  and  its  primary 
cleavage  products  form  gradually,  and  yet  the  latter  be  further 
transformed,  under  the  continued  action  of  the  ferment,  far  more 
readily  and  completely.  Our  conception  of  digestibility  needs  there- 
fore to  be  broadened,  after  having  for  so  long  embraced  simply 
the  time  required  for  solution  of  the  proteid,  or,  in  the  case  of  pep- 
sin digestion,  the  hardly  attainable  extreme  of  complete  conversion 
into  peptone. 

On  comparing  now  the  results  of  the  analyses  of  myosin  and  the 
two  myosinoses  in  the  following  table, 

0 

Myosin 5279 

Protomyosinose. ..  52*48 
Deuteromyosinose  .50*79 

there  is  seen  to  be  only  a  small  difference  in  composition  between 
myosin  and  protomyosinose.  The  content  of  carbon  in  the  latter  is 
only  0'36  per  cent,  less  than  in  the  former,  that  of  nitrogen  0-06  per 
cent,  greater  and  oxygen  only  0-17  per  cent,  greater.  Between  deu- 
teromyosinose and  the  undigested  proteid,  on  the  other  hand,  there 
is  a  far  greater  difference  in  composition,  the  content  of  carbon  being 
1-82  per  cent,  less,  while  nitrogen  is  0*14  per  cent,  greater  and  oxy- 
gen 1-42  per  cent,  greater.  In  hydrogen,  both  myodinoses  show  a 
small  increase  over  myosin,  while  the  content  of  sulphur  is  practi- 
cally unaltered. 

That  portion  of  the  myosin,  which  was  apparently  not  further 
alterable  by  gastric  juice,  together  with  the  somewhat  large  neutral- 
ization precipitate,  we  attempted  to  digest  by  the  action  of  trypsin. 
This  was  only  partially  successful,  for  although  the  trypsin  solution 
consisted  of  an  extract  from  20  grams  of  dry  pancreas  in  2  litres  of 
0-4  per  cent,  sodium  carbonate,  and  the  proteid  matter  was  warmed 
with  it  at  40*  C.  for  six  days,  we  were  not  able  to  bring  more  than 
half  of  the  material  into  solution.  The  digestive  fluid  behaved  some- 
what peculiarly,  in  that  with  a  certain  excess  of  acetic  acid  it  gave 
a  fine  pulverulent  white  precipitate.  After  removal  of  this  substance, 
the  solution  gave  no  turbidity  whatever  with  sodium  chloride,  or 
with  sodium  chloride  and  nitric  acid,  and  only  a  very  slight  one  with 
ammonium  sulphate  ;  hence  it  contained  no  myosinoses.  Peptone, 
however,  was  formed  in  considerable  quantity. 


IX, — The  Relative  Absorption  op  Nickel  axd  Cobalt.     By 
B.  H.  Chittenden  and  Charles  Norris,  Jr.,  Ph.B. 

When  niokel  and  cobalt  were  first  discovered  they  were  supposed 
to  be  possessed  of  decided  toxic  properties,  and  nickel  particularly 
was  looked  on  as  more  poisonous  than  copper.  Examination,  how- 
ever, of  many  of  the  supposed  cases  of  nickel  poisoning  led  to  the 
view  that  toxic  action  was  due,  mainly  at  least,  to  the  presence  of 
arsenical  impurities,  with  which  German  nickel  particularly  was 
known  to  be  contaminated.  Gradually,  therefore,  the  view  has  be- 
come widespread  that  nickel  and  cobalt  are  no  more  poisonous  than 
iron,  with  which  chemically  they  are  so  closely  related.  We  have 
not,  however,  been  able  to  find  many  very  definite  statements  re- 
garding their  physiological  or  toxic  action.  Blake  *  in  his  study  of 
the  relation  between  isomorphism,  molecular  weight,  and  physiolog- 
ical action,  places  the  sulphates  of  nickel  and  cobalt  in  the  same 
group  with  copper,  zinc,  iron,  etc.,  and  further  arranges  cobalt,  cop- 
per and  zinc  together  in  a  sub-group,  on  account  of  their  arresting 
the  action  of  the  heart  and  preventing  the  coagulation  of  the  blood. 
Nickel,  however,  is  placed  with  manganese  on  account  of  its  exert- 
ing a  marked  influence  on  the  nervous  system.  As  to  the  intensity 
of  their  physiological  action,  Blake  apparently  considers  nickel  and 
copper  of  the  same  strength,  while  cobalt  is  figured  as  one-twentieth 
stronger.  .  Both  salts,  however,  kill  by  arresting  the  action  of  the 
heart  and  in  lethal  action  cobalt  stands  first. f  Woodman  and  Tidy  X 
state  that  30  grains  of  the  oxide  of  cobalt  given  to  a  dog  proved 
fatal  in  a  few  hours,  whilst  3  grains  of  the  sulphate  injected  into  a 
vein  proved  fatal  in  four  days.  With  nickel,  the  same  writers  state 
that  vomiting  is  freely  induced  in  a  dog  by  a  dose  of  20  grains  of 
the  sulphate,  whilst  10  grains  injected  into  the  jugular  vein  will  de- 
stroy life  instantly.  Finally,  Brunton  and  Cash  have  found  that 
nickel  and  cobalt,  like  most  other  metallic  salts,  cause  slight  contrac- 
tion of  the  blood  vessels. § 


*  American  Journal  of  Science  and  Arts,  vol.  vii,  p.  194. 
f  See  Brunton's  Pharmacology  and  Therapeutics,  p,  51. 
X  Forensic  Medicine  and  Toxicology,  p.  171  and  p.  214. 
§  Branton's  Pharmaoology,  p.  246. 
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Our  experiments  have  been  conducted  wholly  apon  rabbits,  the 
maio  object  being  to  study  the  distribution  of  the  absorbed  poison. 
The  salts  used  were  chemically  pure  cobalt  and  nickel  nitrates,  dried 
over  sulphuric  acid.  They  were  administered  by  mouth  in  gelatin 
capsules. 

We  first  endeavored  to  gain  some  idea  of  the  relative  toxic  action 
of  the  two  salts.  For  this  purpose  two  rabbits,  weighing  2  kilos, 
each,  were  dosed  as  follows  : 

Experiment  L 


Kabbit  A. 

Rabbit  B. 

Oct  1, 

10  a.m. 

0150  gram 

Ni(NO.), 

0150 

g^am 

CO(NO,)« 

''     1, 

4  p.m. 

0-102      * 

0100 

( 

"     2, 

10  a.m. 

0150      ♦ 

0-150 

i 

"     2, 

5  p.m. 

0101      * 

^* 

0100 

( 

"     8, 

9  a.m. 

0-200      * 

0-200 

t 

"     8, 

4  p.m. 

0-200      • 

0-200 

i 

"     4, 

9  a.m. 

0-251       * 

0-250 

t 

"     4, 

5  p.m. 

0-250      * 

0-250 

t 

"     5, 

10  a.m. 

0-850      * 

0-850 

i 

"     5, 

4  p.m. 

0-350      ' 

0-350 

( 

•'     6, 

9  a.m. 

0-500      * 

0-500 

t 

"     6, 

3  p.m. 

0-500      * 

0-500 

( 

3-104  grams.  8-100  grams. 

Both  rabbits  died  on  the  morning  of  the  7th,  apparently  from 
heart  failure.  The  urine  was  examined  each  day,  but  in  both  cases 
was  entirely  free  from  either  sugar  or  albumin.  On  the  3d,  the 
cobalt  rabbit  appeared  troubled  with  involuntary  micturition  and 
defecation,  and  on  the  5th  there  was  quite  pronounced  partial  paral- 
ysis of  the  hind  quarters.  The  appetite  remained  good  up  to  the 
6th.  On  the  6tb  instant,  after  administration  of  500  milligrams  of 
the  cobalt  salt,  there  was  a  loose  diarrhoea  continuous  till  death,  de- 
cided paralysis  of  the  hind  legs,  total  loss  of  appetite  with  a  decidetl 
lowering  of  the  body  temperature.  After  death,  the  body  weight 
was  found  to  have  diminished  three-fifths  of  a  kilo.  With  the  nickel 
rabbit,  there  was  no  diarrhoea  whatever  and  the  paralysis  of  the 
hind  legs,  visible  on  the  Cth,  was  not  as  pronounced  as  with  cobalt. 
The  loss  of  body  weight  was  the  same  as  in  the  cobalt  rabbit. 

On  post-mortem,  the  only  noticeable  abnormal  feature  with  either 
cobalt  or  nickel  was  a  slight  congestion  of  the  lining  membrane  of 
the  stomach  and  intestines.  The  stomach,  however,  was  found  full 
of  undigested  food,  as  if  the  salt  had  interfered  with  the  digestive 
process. 


i 


1,^0  B,  IT.  Ghittenden  and  C,  If  orris — Thi:  R^rtiit^tt 

It  is  thus  aeeti  that  neither  the  cobEilt  or  nickel  salt  can  be  ctlW  t 
violent  poison,  since  comparatively  large  amounts  arc  required  u 
produce  a  toxic  effect,  and  even  then  the  action  is  somewbal  §lnw. 
This  ia  still  mor^  clearly  seen  in  the  next  cxperimenL 

£kperimeui  11^  with  cobalt. 
A  vigorous  black  doe,  weighing  2  kilos.,  was  dosed  as  follows : 
Oct     8, .,_.,.-,_-  0*300  gram  cobalt  nitrate. 

g, _.„..- 0*400    ^' 

**       10,. .-,..,_.. O^fiiK)  **  *^ 

"       11, --„, 0-700  ** 

l%_. 0-250  " 

-      18, ...0*250  <* 

**      14,  „ 0-2W>  *^  •' 

''       15, 0-550  '* 

**      16,  .__ 1-000  '* 

17, Iv'jOO  ''         "  " 

IS.  „,,,.. 2000  **  **  ** 

7  "TOO  grama. 

The  animal  died  on  the  19thj  of  heart  failure.  On  the  lUh,  whea 
7  decigrams  of  the  salt  were  given,  the  animal  appeared  sickly,  wiiti 
loss  of  appetite,  h\^\x  rectal  temperature,  etc.j  but  by  diminishing 
the  dose  of  cobalt  the  animal  rapidly  recovered.  On  the  1 7th,  how- 
ever, with  increase  in  the  dose  of  aak  there  was  diarrhoea,  with  x 
slight  indication  of  paralysis  of  the  extremities.  At  no  lime  dj<i  tl»e 
nrinc  contain  either  sugar  or  albumin.  There  was  a  decided  loss  d 
body  weight,  nearly  one-third.  On  post-mortem,  ibe  stomach  »j 
small  intestines  were  found  somewhat  inflamed,  and  the  liver  sUo¥«4 
signs  of  a  slight  fattji^  degeneration, 

Immediately  on  the  death  of  the  animal  the  internal  organs  ▼«* 
removed  and  the  absorbed  cobalt  determined. 

The  method  of  analysis,  both  for  cobalt  and  nickel,  was  as  foUovi: 
The  finely  divided  tissue  was  o.\idized  witli  dilute  hydrochloric^  lal 
and  potassium  chlorate,  after  the  usual  method.  Frotn  thesdlotHW 
so  obtained,  chlorine  was  removed  by  evaporation,  the  fluid  m^ 
alkaline  with  ammonia  and  the  cobalt  or  nickel  precipitated  hjt 
stream  of  hydrogen  sulphide  gas<  The  washed  snlpbide,  after  tui- 
tion, was  then  dissolved  in  nitro-hydrochloric  acid,  the  free  add  en 
tirely  removed  by  heat  and  the  chloride  converted  into  sulphate  b) 
addition  of  concentrated  sulphuric  acid.  Ultimately,  the  salphoric 
acid  solution  of  sulphate  was  diluted  somewhat  with  water,  nuKi' 
strongly  alkaline  with  ammonia  and  the  metal  separated  by  ele^ 
trolysis. 
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Following  are  the  amoants  of  absorbed  cobalt  found  in  experi- 
ment II : 

Total  weight  WeUrtit  Co  per  100 

of  organ.  of  Co.  grama  of  Uiiae. 

grams.  milllgramf.  mUllgrami. 

Stomach  and  contents 81-75  67-5  70*34 

Small  intestines 48*90  13-8  31*44 

Large  intestines 26*40  40*2  15210 

Caecum 154*00  302*5  196-48 

Uver '. 46*75  8*9  19*48 

Kidneys 10*80  lost  

Heart 8*80  0*7  7*95 

Lungs 5*82  0*9  15*46 

Muscle  of  legs 100*00  1*9  1*90 

Muscleofback '. 27*45  1*5  5-46 

Brain 8*75) 

Spinal  cord 3*68  J  "*®  ®'^ 

Considering  the  large  amount  of  cobalt  nitrate  administered,  the 
extreme  solubility  of  the  salt,  and  the  length  of  time  intervening 
between  the  first  and  last  dose,  it  is  somewhat  surprising  that  the 
amount  absorbed  was  not  greater.  Evidently  a  large  portion  of  the 
cobalt  passes  directly  through  the  alimentary  canal,  probably  com- 
bining with  the  proteid  matter  of  the  food  to  form  an  insoluble  and 
indigestible  compound. 


Mcperiment  III,  with  nickel. 

A  black  and  white  doe  of  4  kilos,  body  weight  was  dosed  as  fol- 
lows : 

Oct.  15, 0*200  gram  nickel  nitrate. 

**  16, 0-400      **  ** 

*'  17, 0*600      ** 

♦*  18, 0-800      " 

'*  19, 0-500      " 

2*500  grams. 

On  the  morning  of  the  20th,  the  animal  was  found  dead,  the  only 
noticeable  symptoms  having  been  general  weakness,  loss  of  appetite 
and  diarrhcDa.  The  loss  of  body  weight  was  quite  pronounced, 
amounting  in  the  six  days  to  1*4  kilos.  The  urine  was  entirely  free 
from  albumin  and  sugar.  There  was  a  little  inflammation  of  the 
stomach.  In  this  experiment,  the  toxic  action  would  appear  to  have 
been  greater  than  that  of  the  cobalt  in  the  preceding  experiment. 
The  distribution  of  the  absorbed  poison  was  as  follows : 
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Stomach  and  contents . .  _  _    115^00 

Small  inteatinefl  -  -  - 

Large  intestmes  .     .  - 

Cwcuni .,,, **»^ 

Liver __._..... 87-50 

Kidneja -.- 

Heart --, 

Lungs 

Muscle  of  legH ^. 

MuBcle  of  back ,  - , 

Brain. .^ ..- ---. 

Spinal  cord  . **--,,, , -,., _ *-        5 00 

Spleen ,,, 

The  amount  of  nickel  found  in  the  alimentary  tract  is  n&iufiU^ 
not  so  large  as  in  the  case  of  cobalt,  where  the  tinal  doses  were  larger 
and  the  diarrhoea  not  so  bad.  Of  the  absorbed  niclcel,  the  dlstrfbtt- 
tion  is  essentially  the  same  as  with  cobalt  The  amount  in  the  kidnen 
and  liver  is  not  as  largo  as  would  be  expected  from  the  ei^e  of  tbc 
doses  and  the  soluble  character  of  the  salL  It  suggests  that  onlj 
a  small  portion  of  the  salt  given  is  absorbed,  and  that  alimioft- 
tion  goes  on  with  comparative  slowness.  Quite  striking  ia  the 
peculiar  distribution  of  the  nickel  in  the  muscle  tissue^  the  smoant 
in  the  muscles  from  the  back  being  seven  times  as  large  as  in  the  lef 
muscles.  The  same  peculiarity  is  likewise  noticeable  with  cobmlL 
Also  noticeable  is  the  comparatively  large  amonnt  in  the  brain  and 
spinal  cord,  more  of  the  poison  in  proportion  to  the  weight  of  the 
organ  being  foujid  here  than  in  either  the  liver  or  kidneys. 

Experiment  lY^  with  cobalt  and  nickeL 

In  this  experiment^  two  rabbits  of  approximately  the  same  bod  v 
weight  were  dosed  with  nickel  and  cobalt  respectively  as  follows  : 


Rabbit  A, 

Ralibit  B 

Nov.  1. 

0^200  gram  CO(NOj)=. 

0-300 

gram  NitN(Hk 

"    3, 

0150 

0*350 

'* 

•4 

"    % 

0-2^Tfl 

0'3O0 

- 

4* 

"    4, 

0-40O 

0-300 

II 

t4 

"    5, 

0350 

0^'>00 

** 

" 

■'    8, 

o^soo 

o-;ioo 

*i 

** 

"    7, 

Q-500 

osoo 

14 

1« 

*'    St 

0 

grams. 

0-500 

|ram5. 

** 

_      S-550 

B-150] 

Absorption  o/  Nickel  and  CobctU. 


163 


Both  animals  were  found  dead  on  the  9tb.  In  the  cobalt  rabbit, 
the  stomach,  lungs,  kidneys  and  brain  were  found  more  or  less 
congested  and  there  was  considerable  diarrhoea  before  death.  In  the 
nickel  rabbit,  there  was  no  diarrhoea  and  but  little  congestion.  Rec* 
turn  was  found  full  of  hard  faeces. 

Following  is  the  distribution  of  the  poison  in  the  two  rabbits. 


Rabbit  Ay  cobalt. 

Total  weight 
of  organ. 

grams. 

Stomach  and  contents 76*65 

Smalllntestinee 58*70 

Large  intestines SO'IO 

CaBCum 10800 

Liver ...  91*08 

Kidnejs 18*55 

Heart 18*87 

Lungs 9-62 

Muscleoflegs 196*00 

Muscle  of  back 95-a5 

Bram 8*87 

Spinal  cord 4*95 


Weight  of  Co. 
milUgrams. 

10*8 

mUUgrams. 
14-09 

7*5 

12-77 

JO-9 

54-28 

50*5 

46*76 

8-8 

8*62 

0*8 

5-90 

0*9 

6*78 

1*3 

18*50 

1-2 

0*61 

1-7 

1*77 

1*2 

18*58 

0*9 

18*18 

Rabbit  B,  nickel. 

Total  weight 
of  organ. 

grams. 

Stomach  and  contents 64  -80 

Small  intestines 52*80 

Large  intestines 12*10 

liver 70*00 

Kidneys 11*20 

Heart 6*72 

Lungs 7*92 

Muscle  (rf  leg 15700 

Muscle  of  back 82*00 

Brain 900 

Spinal  cord 8*98 


Very  noticeable  in  both  of  these  results,  as  in  the  preceding  ex- 
periments, is  the  comparatively  large  amount  of  poison  in  the  brain 
and  spinal  cord,  also  the  same  relative  distribution  in  the  muscle 
tissue  of  the  legs  and  back  previously  commented  upon.  The  large 
amount  of  poison  in  the  lungs  and  heart,  as  contrasted  with  the  liver 
and  kidneys,  is  also  quite  noticeable. 

TRAica  Ck)Nir.  Aoad.,  Vol.  Vni.  20  Deo.,  1888. 


Weight  of  Ni. 
milllgrains. 
18*4 

Ml  perlOO  grams 
of  tlasue. 

mllUgrams. 

28*89 

2*0 

8*82 

2*0 

16-58 

5*6 

8-00 

0*8 

7*05 

0*8 

11*90 

2-1     • 

26*51 

1-1 

0*70 

2-0 

2*44 

1-2 

18-88 

1-7 

42-71 

IM  A  S  Chittemlm  and  €,  Nbrr%9~Tfi€  R^itUfm 

M^eriment    FJ  with  nickel* 

In  tbis  expenmcnt,  rs  grama  of  nickel  nitrate  were  given  bj 
mouth  during  five  djiys  to  a  rabbit  of  1^5  kilos,  weight,  the  individual 
closes  being  of  about  the  same  size  as  in  preceding  experiments.  On 
the  aixth  day,  the  animal  died  of  heart  failure,  FoHowing  i»  tk 
diBtributioD  of  the  poison. 

Ttetnl  wIMl.  yi  per  lfllm» 

or  ontMi  Weltfttt  of  Nt  of  tiMoe 

Stomach  and  contenta .  - 73*00  8-2  4'!W 

Bmali  intestines..... 59  10  \'3  31M 

Large  mtestines. 30^40  S^  37*30 

Caecum...... , ....  17600  66'5+  ^n- 

LiT^er ..„  58'00  81  U9« 

Kidneys -,,- ,..  1037  08  119 

Heart--,.,--   ....--- 7-43  1*3  !«« 

Lungs  „..   -.,,,, 0'53  0*3  3^« 

Muscle  of  legs -  07  80  36  SIR 

Muscle  of  back ,,,_._.....  85*00  3'7  10*57 


E'^erinient  FT,  with  cobalt* 

In  tills  experiment  J  an  attempt  wa?^  made  to  ascertain  «K>nietliiDe 
regarding  the  eli  mi  nation  of  the  cobalt  through  the  kidneys.  For 
this  purpose,  the  urine  was  collected  each  day  and  the  cobalt  det*r- 
mined  by  the  same  method  as  used  in  the  analysis  of  the  orgaa*. 
The  rabbit  (body  weight  2*5  kilos»J  was  dosed  as  follows  : 

E^raminnHov  of  the  *4  haur$^  urim. 

30 ex.  contained  r3  mUligrunsGii 
61 

6-2 

f 
23-8 
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37, 
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The  animal  died  on  the  12th.  On  the  last  day,  15  c.  c.  of  thick,  dark 
brown,  viscid  urine  were  voided  which  contained  1*8  milligrams  of 
cobalt.  7*15  grams  of  faeces  excreted  during  the  last  24  hours  were 
found  to  contain  about  100  milligrams  of  cobalt.  Obviously  a  large 
amount  of  the  cobalt  passes  directly  through  the  alimentary  canal, 
while  of  the  absorbed  portion  considerable  is  eliminated  through  the 
nrioe,  much  more  indeed  than  the  small  amounts  found  in  the  kidneys 
would  appear  to  warrant. 

On  analysis  of  the  organs  of  this  rabbit,  the  following  results 
were  obtained : 


Total  weight  Co  per  100  grams 

of  organ.  Welffht  of  Co.  of  tUaae, 

grama.  milligrams.  milligrams. 

Liver 6600  26  3-94 

Spleen 0-40  0-5  12600 

Kidneys 15-30  0-5  3-27 

Heart 10-73  01  093 

Lungs  702  10  14*24 

Muscle  of  leg 14000  9-8  7-00 

Muscle  of  back 180-00  47  361 

Brain 8-35  16  1796 

Spinal  cord 4-10  20  4878 

Here,  as  in  many  of  the  preceding  cases,  the  lungs  contain  a 
higher  percentage  of  the  poison  than  either  the  liver  or  kidneys, 
while  the  brain  and  spinal  cord  contain  a  still  higher  percentage. 

With  this  rabbit,  convulsions  were  noticed  shortly  before  death 
and  the  breathing  was  very  labored,  as  if  the  respiratory  muscles 
were  affected. 

An  experiment,  similar  to  the  preceding,  tried  with  nickel,  led  to 
a  like  result  as  regards  the  elimination  of  the  poison.  The  first  24 
hours'  urine  (25  c.  c.)  contained  1*6  milligrams  of  nickel,  while  the 
portion  (70  c.  c.)  passed  during  the  24  hours  preceding  death  con- 
tained 8*1  milligrams  of  the  metal.  Further,  3-5  grams  of  fsBces 
excreted  during  the  last  24  hours  contained  17*5  milligrams  of  nickel. 

It  is  obvious  from  the  foregoing  that  soluble  nickel  and  cobalt 
»alts  are  possessed  of  decided  toxic  properties,  but  that  their  poison- 
aas  action  is  somewhat  slow  and  manifested  only  when  compara- 
tively large  amounts  of  the  salts  are  administered.  Further,  so  far 
as  our  experiments  show,  the  two  salts  act  very  much  alike.  Both 
apparently  cause  death  by  stopping  the  action  of  the  heart  and  also 
produce  more  or  less  disturbance  in  the  alimentary  tract,  interfering 
with  digestion,  producing  more  or  less  inflammation  of  the  mucous 
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membrane  of  the  stomach  and  intestines,  and  causing  a  more  or  less 
persistent  diarrhoea.  Unlike  uraniam,  these  salts  have  no  apptrent 
action  on  the  kidneys  or  liver,  sections  of  hardened  tissue  from  these 
organs  showing  no  change  of  structure.  Further,  in  every  case  tiie 
urine  of  the  poisoned  animal  was  entirely  free  from  sugar  and  albn- 
min  throughout  the  experiment.  Both  salts  tend  to  produce  i  pir- 
tial  paralysis  of  the  extremities,  more  pronounced  possibly  with 
cobalt  than  with  nickel.  They  enter  the  circulation  quicklj,  irt 
rapidly  distributed  to  all  parts  of  the  body  and  are  in  turn  more  or 
less  rapidly  eliminated  by  the  kidneys.  Considerable,  however,  evi- 
dently passes  directly  through  the  alimentary  tract  and  is  excreted 
through  the  faeces. 

Both  salts  appear  to  raise  the  internal  body  temperature  qmte 
decidedly,  the  rectal  temperature  rising  even  two  or  three  degree 
centigrade.  The  blood  vessels  of  the  ears,  on  the  contrary,  quickiy 
become  constricted  under  the  influence  of  the  salts,  and  the  ears  ap- 
pear white  and  quite  cold. 

The  storage  power  of  the  individual  organs  is  somewhat  peculiir. 
The  spinal  cord  and  brain,  in  the  majority  of  the  experiments,  sUnd 
first  in  their  power  of  picking  up  and  retaining  the  nickel  and  cobtit 
This  is  in  close  accord  with  what  has  already  been  found  with  solu- 
ble forms  of  arsenic,*  and  more  recently  with  strychnine  gulpbittf 
It  would  have  been  interesting  in  this  connection  to  have  se« 
whether,  as  with  arsenic,  the  form  of  the  poison  modifies  tbe 
relative  amount  absorbed  by  the  brain  and  spinal  cord,  but  this  we 
did  not  have  time  to  try.  Again,  as  with  soluble  forms  of  arsenic^ 
the  muscle  tissue  shows  in  several  of  the  experiments,  as  Nos.  V  aad 
VI,  a  marked  affinity  for  nickel  and  cobalt,  retaining  a  larger  pe^oeB^ 
age  of  the  metals  than  either  the  liver  or  kidneys.  Still  more  notice- 
able, in  all  of  the  experiments  but  one,  is  the  much  larger  amoont  d 
poison  in  the  muscles  of  the  back  than  in  the  muscles  of  the  leg;  * 
constant  difference  occurring  in  a  tissue  of  the  same  kind,  and  hardly 
explainable  on  the  ground  of  difference  in  vascularity.  A  somewhat 
similar  distribution  of  arsenic  in  the  muscle  tissue  was  found  by 
one  of  us  a  few  years  ago  in  an  arsenical  poison  case.^ 


*  Chittenden,  Amer.  Chem.  Journal,  vol.  v,  p.  8,  also  Studies  from  Laboratorr  ->« 
Physiological  Chemistry,  vol.  i,  p.  141.  ScolosuboflE,  Bulletin  de  la  Societe  Chinoqo- 
do  Paris,  vol.  xxiv,  p.  125. 

f  R.  W.  Lovett,  Journal  of  Physiology,  vol.  ix,  p.  99. 

X  Chittenden,  Amer.  Chem.  Journal,  vol.  v,  p.  12. 
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Another  striking  feature  in  the  storage  of  nickel  and  cobalt  by 
the  tissues,  is  the  comparatively  large  amount  retained  by  the  lungB 
and  heart,  the  amount  found  in  these  organs  generally  exceeding  the 
amoQDts  stored  up  in  the  liver  and  kidneys. 
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X, — Results  obtained  by  Etching  a  Sphebe  and  Ckystals  op 
Quartz  with  Hydbofluoric  Acid.  By  Dr.  Otto  Meybb  a5d 
Samuel  L.  Pbnfield. 

A  few  years  ago  one  of  us  *  published  the  results  of  an  experimeot 
of  etching  a  sphere  of  calcite  with  acetic  acid  in  which  the  symmetry 
of  a  calcite  crystal  was  brought  out  by  the  character  of  the  etchiogt 
on  the  sphere  and  the  final  result  of  eating  away  the  greater  part  of 
the  calcite  was  a  crystalline  figure  with  rounded  faces,  but  with  a 
decided  steep  scalenohedral  habit  with  truncations  at  the  extremities 
of  the  vertical  axis.  This  suggested  to  us  the  idea  of  trying  simiUr 
experiments  on  spheres  cut  from  other  crystals.  The  difficulty  of 
course  lies  in  obtaining  spheres  of  perfectly  pure  homogeneous  m»- 
teHal ;  the  results-  furnish,  however,  an  interesting  and  instractire 
means  of  studying  the  symmetry  of  any  crystalline  substance  and  as 
parts  of  the  sphere  are  parallel  to  all  possible  faces  of  a  crystal,  mh 
soon  as  the  relation  of  the  sphere  to  the  axes  of  the  crystal  is  nude 
out  the  character  of  the  etchings  in  any  particular  part  of  the  sphere 
will  determine  the  character  of  the  etching  produced  by  the  solvent 
on  any  crystal  face  parallel  to  that  particular  part  of  the  sphere. 
The  ease  with  which  spheres  of  Japanese  quartz  can  be  obtained  and 
the  readiness  with  which  quartz  yields  in  certain  directions,  to  the 
action  of  hydrofluoric  acid,  made  the  following  experiments  qaitc 
easy,  while  the  results  as  will  be  seen  are  far  more  striking  than  ooe 
would  at  first  suppose. 

The  results  of  our  experiments  will  be  better  understood  by  n- 
viewing  some  experiments  made  in  1855  by  F.  Leydoltf  on  qoarti 
crystals  in  which  he  showed  that  hydrofluoric  acid  acts  very  qd- 
equally  on  the  diflerent  kinds  of  faces,  so  that  not  only  the  right  aad 
left-handed  character  of  the  crystals,  but  also  all  the  complexitv  of 
twinning  can  be  made  to  appear  by  etching.  The  experimenu  wcr 
repeated  by  us  by  placing  simple  quartz  crystals  from  Herkimer, 
N.  Y.,  in  strong  hydrofluoric  acid  and  leaving  them  till  safficieoUy 
distinct  etchings  were  produced.  In  these  experimentS|  some  of 
which  were  carried  on  in  cold  and  some  in  hot  acid,  the  character  ol 


♦Meyer,  Jahrb.  Min.,  1883,  i,  74. 

t  Sitz-ber.  der  Wiener  AkacL,  1866,  xv,  p.  69. 
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the  etching  was  in  all  cases  the  same,  and  as  quartz  is  dissolved  by 
the  acid  very  slowly  it  is  not  probable  that  slight  changes  in  the  tem- 
perature or  strength  of  the  acid  would  have  made  any  appreciable 
difference.  On  the  ordinary  quartz  combination  of  prism,  m,  I,  loio, 
positive  rhorabohedron  r,  1,  lOil  and  negative  rhombohedron  z^-l, 
0111  the  following  etchings  are  very  easily  developed.  The  positive 
rhombohedron  r  yields  most  readily  to  the  action  of  the  acid  becom- 
ing covered  with  elongated  unsymmetrical  depressions  having  a  hori- 
zontal direction,  the  heaviest  part  being  to  the  right  in  a  right 
banded  crystal,  fig.  1,  plate  I,  and  to  the  lefl  in  a  left  handed  crystal 
fig.  2,  plate  I.  The  top  and  middle  edges  of  these  depressions  are 
nearly  straight,  the  bottom  slightly  curved,  the  widest  end  is  ter- 
minated by  a  straight  edge  having  the  direction  of  the  zonal  edge 
between  r  and  the  adjacent  z  face.  These  etchings  are  distributed 
thickly  over  the  r  faces,  and  although  they  are  not  all  exactly  alike, 
their  general  character  is  well  represented  in  figs.  1  and  2.  The 
effect  of  this  action  is  also  to  eat  away  and  replace  all  of  the  edges  of 
the  crystal  toward  which  the  heaviest  ends  of  the  etchings  are  turned ; 
tbns  in  a  right-handed  crystal  between  r  and  r  (loli  and  iioi),  r  and 
z  (1011  and  Dili)  and  r  and  m  (lOli  and  Olio)  all  to  the  right,  while 
the  corresponding  edges  to  the  left  toward  which  the  points  of  the 
depressions  on  r  are  turned,  are  left  perfectly  sharp,  except  of  course 
the  apper  parts  where  r,  loli  forms  a  short  edge  with  the  adjacent 
r,  oil  1  face  to  the  left  In  a  left-handed  crystal,  this  same  phenomena 
can  be  observed  only  with  the  corresponding  edges  eaten  away  to 
the  left  instead  of  to  the  right.  This  replacement  of  the  edges  is  not 
shown  in  figs.  1  and  2,  but  is  shown  in  the  original  figures  of  Leydolt, 
who  also  determined  the  symbols  of  the  faces  replacing  the  different 
edges.  According  to  our  experience  the  replacement  of  the  edges 
appears  more  like  an  accumulation  of  little  facets,  all  reflecting  the 
light  simultaneously,  than  a  replacement  made  by  a  single  face  and 
for  a  discussion  of  the  symbols  of  the  faces  and  the  determination  of 
the  twinning  structure  of  quartz  as  shown  by  the  etchings  we  refer 
oar  readers  to  the  original  paper  of  Leydolt.  If  the  crystals  are  left 
in  the  acid  for  a  sufiiciently  long  time  the  edges  between  the  rhombo- 
hedron faces  become  so  far  eaten  away  that  nothing  is  left  of  the 
original  rhombohedron  faces  and  the  prism  is  left  terminated  by  the 
etching  faces  alone,  which  flatten  out  the  crystal  very  much  in  the  di- 
rection of  the  vertical  axis. 

On  the  negative  rhombohedron  2,  the  etchings  are  of  an  entirely 
different  character,   composed  of  a  system  of  shallow  depressions 
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with  curved  contours,  giving  a  sort  of  feather-'like  marking  with  the 
direction  of  greatest  action  turned  toward  the  heaviest  etching  on 
the  positive  rhombohedron,  figs.  1  and  2,  plate  I.* 

The  prismatic  faces  are  much  less  acted  npon  than  the  rhombo- 
hedron  faces,  the  etchings  varying  somewhat  in  character  but  con- 
sisting essentially  of  four  sided  depressions  with  long  and  short 
vertical  edges  parallel  to  the  edges  of  the  prism,  one  straight  steep 
edge  on  the  side  of  the  positive  rhombohedron  r  and  parallel  to  the 
zonal  edge  between  m  and  s,  and  a  shorter  slightly  curved  edge  on 
the  side  of  the  negative  rhombohedron  z.  These  etchings  have 
definite  relations  to  the  symmetry  of  the  crystals  and  are  of  reverse 
character  on  right,  fig.  1,  plate  I,  and  left,  ^g.  2,  plate  I,  banded 
crystals.  On  adjacent  prismatic  faces,  the  longer  or  shorter  vertical 
edges  are  turned  toward  each  other,  and  by  prolonged  etching  the 
alternating  prismatic  edges,  toward  which  the  shorter  vertical  edges 
of  the  etchings  are  directed,  are  slightly  eaten  away  while  the  other 
prismatic  edges  remain  sharp  and  perfect. 

From  a  consideration  of  the  above  we  can  now  more  readily  under- 
stand the  action  of  hydrofluoric  acid  on  a  sphere  cut  from  a  simple 
quartz  crystal.  A  sphere  of  about  2*44  c.  m.  diameter  was  purchased  in 
New  York^  and  etched  by  placing  it  in  a  lead  crucible  containing  rather 
a  strong  commercial  hydrofluoric  acid,  such  as  can  be  bought  in  rubber 
bottles  from  dealers  in  chemicals.  The  exact  strength  of  the  acid 
was  not  determined.  No  special  care  was  taken  to  place  the  sphere 
in  any  pai*ticular  position  in  the  acid,  its  position  being  accidentally 
changed  nearly  every  day  when  the  acid  was  removed,  and  the  solu- 
tion of  the  quartz  going  on  so  slowly  that ,  the  acid  bad  a  chance  to 
act  apparently  equally  on  all  similar  parts  of  the  sphere.  During 
the  progress  of  the  etching,  which  was  carried  on  slowly  in  the  cold, 
photographs  of  the  etched  sphere  were  obtained  at  three  stages,  which 
seemed  well  suited  for  illustration. 

*  According  to  my  ezperieoce  these  etchings  on  the  rhombohedron  faces  furnish 
one  of  the  best  methods  of  showing  to  a  beginner  in  crystallography  that  the  six  faces 
which  usually  terminate  a  quartz  crystal,  are  not  the  faces  of  an  hexagonal  pyramid, 
and  all  alike,  but  are  those  of  a  positive  and  negative  rhombohedron.  To  prepare 
sections  for  showing  this  with  a  microscope,  crystals  should  be  etched  till  the  mark- 
ings are  sufficiently  distinct,  then  by  cementing  the  crystal,  with  the  etched  face  down, 
to  a  glass  plate  with  Canada  balsam  and  cementing  glass  plates  on  either  side,  the 
quartz  can  bo  ground  away  with  emery  till  the  glass  plates  form  a  large  wearing  sur- 
face and  the  quartz  is  ground  to  just  the  thickness  of  the  glass  plates ;  then  after  re- 
moving the  slice  of  quartz  and  cleaning  it.  it  can  be  cemented  to  an  object  glass  witli 
the  etched  surface  np  aud  is  ready  for  examination  with  the  microscope. — Penfleld. 
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After  leaving  the  sphere  in  the  acid  for  a  few  hours,  the  etchings 
were  distinctly  observed  and  their  arrangement  on  the  sphere  was 
8Qch  that  its  crystalline  nature  and  relation  to  hexagonal  axes  could 
be  determined.  The  location  of  the  extremities  of  the  vertical  axis 
was  marked  by  the  centers  of  two  triangular  patches  on  opposite 
sidea  of  the  sphere,  while  the  character  and  arrangement  of  the 
proaiinent  etchings  on  the  positive  rhombohedron  indicated  the  right 
handed  character  of  the  crystal  from  which  the  sphere  was  cut  as 
well  as  the  location  of  the  extremities  of  the  lateral  axes.  After 
being  in  the  acid  for  about  four  days  some  of  the  etchings  were  very 
promiDent,  and  the  sphere  had  the  appearance  represented  in  figures 
1  and  2,  plate  IL  In  figure  1  we  are  looking  down  upon  the  sphere 
in  the  direction  of  the  vertical  axis.  In  the  centre  there  is  a  distinct, 
somewhat  hexagonal  field,  the  center  of  which  marks  the  extremity 
of  the  vertical  axis.  This  whole  portion  is  one  where  the  etching 
has  gone  on  very  vigorously,  and  with  the  microscope  it  can  be  seen 
that  the  surface  is  composed  of  minute  triangular  pyramids  grouped 
closely  together.  About  this,  three  prominent  parts,  which  are  ar- 
ranged in  the  alternating  sections  of  the  hexagon,  indicate  the 
position  of  the  positive  rhombohedron  by  the  greater  extent  of  the 
etching,  leaving  very  distinct  prominences  with  their  steep  sides 
turned  to  the  right.  A  distinct  ridge  or  marking,  from  which  the 
lines  of  etching  go  off  very  distinctly,  can  also  be  seen  about  in  the 
center  of  each  negative  rhombohedron.  In  fig.  2,  we  are  looking  at 
the  sphere  about  at  right  angles  to  a  prismatic  face.  A  little  above 
the  center  of  the  figure  and  trending  to  the  right,  the  prominent 
etohings,  indicating  the  position  of  the  positive  rhombohedron,  can 
be  seen,  while  below  and  to  the  right  they  can  also  be  seen  in  the 
position  of  the  lower  positive  rhombohedron.  On  what  may  be 
called  the  equator  of  the  sphere,  midway  between  the  above  men- 
tioned prominent  etchings  on  the  positive  rhombohedrons  above  and 
below,  the  extremity  of  one  of  the  lateral  axes  can  be  located  a  little 
to  the  right  of  the  center  of  the  figure.  On  much  of  the  surface  near 
the  equator  of  the  sphere,  the  original  polish  has  not  been  destroyed. 
The  vigorous  action  of  the  acid  at  the  extremities  of  the  vertical  axis 
is  plainly  seen  accompanied  already  by  a  slight  flattening  of  the 
sphere. 

After  exposing  the  sphere  again  to  the  action  of  the  acid  for  about 
two  weeks  it  had  the  appearance  represented  in  figures  3  and  4,  plate 
IL  In  figure  3,  where  we  are  looking  down  upon  the  sphere  in  the 
direction  of  the  vertical  axis,  three  parts  on  the  equator,  located  by 
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the  right  hand  and  upper  and  lower  left  hand  angles  of  the  hexagon, 
indicate  one  extremity  of  each  of  the  three  lateral  axes  and  from 
these  parts  the  lines  of  etching  ran  oat  very  beautifally  toward  the 
center  and  the  prominent  marking  on  the  rhombohedron  faces.  In 
figure  4,  where  we  are  looking  at  right  angles  to  the  vertical  axis, 
besides  the  decided  flattening,  a  rhombic  portion,  about  in  the  center 
of  the  field,  is  conspicuoas,  the  center  of  which  locates  the  extremity 
of  one  of  the  lateral  axes.  On  this  portion  not  only  could  the  origi- 
nal curved  surface  of  the  sphere  be  detected  but  also  the  original 
polish.  The  acid  having  had  apparently  no  action  on  this  portion 
of  the  sphere,  while  the  etched  portions  come  up  to  meet  this  with 
sharp  and  distinct  angles.  Owing  to  a  slight  misunderstanding  a 
mistake  was  made  in  photographing  figure  4,  which  was  not  discov- 
ered till  it  was  too  late  to  correct  it.  If  we  imagine  the  sphere 
turned  90°  so  that  the  unattacked  portion  would  appear  at  the  right 
and  seen  at  a  tangent,  while  one  of  the  two  similar  portions  which 
are  now  behind  and  out  of  sight  would  appear  in  the  front  and  a 
little  to  the  left,  the  quartz  would  appear  in  just  the  right  position 
to  compare  with  figures  2  and  6.  As  it  is  we  are  looking  at  the 
crystal  not  at  right  angles  to  a  prism  m  but  at  right  angles  to  a  prism 
of  the  second  order  l2lo. 

By  exposing  the  quartz  for  about  one  month  longer  to  the  action 
of  the  acid  it  appeared  as  represented  in  figures  5  and  6,  plate  IL  In 
figure  5,  which  is  again  a  vertical  view,  we  can  readily  locate  the  ex- 
tremities of  the  three  lateral  axes  by  the  right  hand  and  upper  and 
lower  left  hand  angles  of  the  hexagon.  At  these  parts  the  curved 
contour  of  the  sphere  is  preserved  for  a  short  distance,  but  between 
them  there  is  a  decided  tendency  toward  a  triangular  cross  section. 
The  sphere  as  will  be  seen  from  figure  6  has  become  extremely  flat- 
tened and  the  upper  and  lower  portions  meet  along  a  very  sharply 
defined  line.  The  etchings  seem  to  arrange  themselves  along  parallel 
lines  or  ridges  and  some  idea  of  their  beautiful  arrangement  can  be 
obtained  from  the  larger  reproduction  shown  in  figure  d,  plate  I.  In 
figure  6  we  notice,  in  addition  to  the  extreme  flattening,  two  of  the 
three  portions  where  the  acid  has  had  very  little  action,  one  taken  at 
a  tangent  to  the  right,  the  other  a  little  to  the  left  of  the  center ; 
these  appear  as  very  conspicuous  parallelograms;  they  have  a 
curved  surface  similar  to  that  of  the  original  sphere,  and  although 
the  original  polish  has  disappeared  from  them  only  the  finest  etchings 
can  be  detected  with  the  microscope.  It  can  almost  be  said  that  the 
acid  has  had  no  action  on  these  three  surfaces,  at  least  not  enough  to 
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destroy  the  origiDal  polish  of  the  sphere  till  toward  the  very  end  of 
the  experiment  and  not  enough  to  appreciably  diminish  the  diameter 
of  the  sphere.  Although  the  original  diameter  was  not  accurately 
measured  care  was  taken  soon  after  commencing  the  etching  to  out  a 
hole  in  a  card  board  very  carefully  just  large  enough  to  allow  the 
sphere  to  pass  and  at  the  conclusion  of  the  etching  the  quartz  just 
toQcbed  at  these  three  points  when  passed  through  the  same  hole. 

The  quartz  was  still  exposed  to  the  action  of  this  acid  for  about  a 
week,  but  the  general  effect  was  not  different  from  that  shown  in 
figures  5  and  6.  Of  course  the  sphere  was  still  further  flattened  in 
the  direction  of  the  vertical  axis  and  the  three  parts  at  the  extremi- 
ties of  the  lateral  axes  where  the  acid  had  acted  least,  became  con- 
siderably changed,  being  flattened  out  more  in  a  vertical  direction 
and  therefore  appearing  as  parallelograms,  relatively  much  more 
elongated  horizontally.  Figure  3,  plate  I,  is  from  a  photograph 
taken  at  this  stage  in  which  the  relation  of  these  parts  to  the  longer 
sharp  edge  between  them  is  less  than  in  figure  5,  plate  IL  At  this 
stage  also  the  etching  of  the  sphere  was  stopped  and  the  specimen 
deposited  in  the  collection  of  Professor  George  J.  Brush,  New 
Haven,  Conn. 

In  review  it  will  be  noticed,  as  is  the  case  in  all  etching,  that  the 
acid  acts  very  unequally  on  different  faces  of  a  crystal  and  therefore 
on  different  parts  of  the  sphere,  equally,  however,  on  those  similar 
parts  of  the  sphere  which  are  similarly  situated  with  reference  to 
hexagonal  axes.  The  action  is  greatest  at  the  two  extremities  of  the 
vertical  axis.  The  action  seems  to  be,  especially  toward  the  end,  to 
lift  off  or  dissolve  away  layers  of  molecules  from  above  and  below 
while  there  are  three  parts,  which  are  each  one  of  the  ends  of  three 
lateral  axes,  where  the  acid  exerts  practically  no  solvent  action. 
These  parts  diminish  in  size  as  the  action  of  the  acid  continues  but 
not  by  any  action  of  the  acid  upon  them  directly,  except  as  the 
molecules  were  taken  away  from  above,  below  and  at  the  sides. 
This  is  one  of  the  roost  striking  features  of  the  experiment  that  in 
these  three  directions  quartz  is  almost  absolutely  insoluble  in  hydro- 
fluoric acid.  As  a  study  in  symmetry  the  experiment  all  along  was  a 
very  interesting  one.  The  etched  sphere  could  never  be  divided  by 
a  plane  into  symmetrical  halves  and  showed  throughout  all  of  the 
experiment  the  tetratohedral  character  of  a  right-handed  quartz 
crystal  The  sphere  was  cut  from  a  crystal  which  would  have  shown 
etchings  like  those  in  figure  1,  plate  I.  The  accompanying  illustra- 
tions give  only  a  faint  idea  of  the  beauty  of  the  etched  sphere,  it 
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being  impossible  to  reproduce  the  delicacy  and  beaaty  of  the  mark- 
ings as  they  appeared  on  the  perfectly  transparent  material  of  li« 
quartz. 

Pyro-electrical  eay>eriment8, — To  further  test  the  relation  of  the 
sphere  to  crystallographic  axes,  it  was  heated  for  some  hours  in  la 
air  bath  to  lOO^C.  and  on  cooling  dusted  with  a  mixture  of  red  oxide 
of  lead  and  sulphur,  according  to  the  excellent  method  described  bj 
Professor  A.  Kundt  of  Strassburg.*  The  red  oxide  of  lead  in^ 
yellow  sulphur  arranged  themselves  in  six  alternating  vertical  bsods 
about  the  equator  of  the  sphere,  the  red  bands  being  located  midvsj 
between  the  heaviest  parts  of  the  etchings  on  the  positive  rhombohe 
drons  above  and  below.  On  the  etched  sphere  represented  in  figure 
2,  plate  II,  a  red  band  ran  vertically  a  little  to  the  right  of  tbe  ca- 
ter, a  yellow  one  a  little  to  the  left  of  the  center  and  so  od,  three  red 
alternating  with  three  yellow  about  the  equator  of  the  sphere.  Oi 
the  etched  sphere  represented  in  figures  5  and  6,  plate  II,  the  slightly 
attacked  parallelogram  parts,  representing  the  ends  of  the  Utenl 
axes,  were  yellow  while  the  center  of  the  sharp  edges  midway  be. 
tween  them  were  red.  These  pyro-electrical  phenomena,  acoordlBg 
to  B.  von  Eolenko,f  indicate  that  the  crystals  from  which  our  sphere 
was  cut  was  a  right-handed  one ;  that  part  of  the  sphere  where  neg- 
ative electricity  develops  on  cooling  and  where  the  positively  elec- 
trified red  oxide  of  lead  deposits,  indicating  the  position  of  the  pris- 
matic edge,  where  the  r]gh^handed  trapezohedral  faces  above  ind 
below  would  occur.  The  even  distribution  of  the  pyro-electrioty 
into  six  alternating  positive  and  negative  sections  prove  the  simple 
character  of  the  sphere  and  the  absence  of  twinning.  This  latter 
was  very  important,  for  the  success  of  our  experiment,  for  if  the 
sphere  had  been  cut  from  a  complicated  twin  crystal  the  etcfaiagf 
would  have  arranged  themselves  in  a  very  confused  manner,  and  the 
shapes  produced  by  the  etching  would  have  been  very  macb  modified. 

In  closing  we  wish  to  express  our  thanks  to  Mr.  J.  H.  Blake  of 
New  Haven,  for  the  care  which  he  took  in  photographing  soeh  t 
difficult,  transparent  object,  and  to  Mr.  E.  Bierstadt  of  New  York, 
for  the  pains  which  he  took  in  the  preparation  of  the  plates. 

MiDeralogical  Laboratory,  Sheffield  dcieDtlflc  School,  Feb.  4th,  1889. 


*  Ann.  d.  Phys.  u.  Ohem.,  1883,  zx,  p.  592. 
t  ZeitBch.  f.  Kryst.,  ix,  1884,  p.  I. 
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EXPLANATION  OF  PLATES. 


Plate  T. 

1.  Etchings  produced  on  the  faces  of  a  right  handed  quartz  crystal  by  hydrofluoric 
actd. 

2.  RtchiDgB  produced  on  the  faces  of  a  left  handed  quartz  crystal  by  hydrofluoric 
add. 

3.  Final  result  of  eating  away  the  greater  part  of  a  sphere  (cut  from  a  right  handed 
quartz  ciTsthl)  with  hydrofluoric  acid  during  a  period  of  about  eight  weeks.  Seen  in 
the  direction  of  the  yertical  axis.  The  angles  of  the  hexagon  mark  the  extremities  of 
the  lateral  axes. 

Plate  II. 

1  and  2.  Appearance  of  the  etched  sphere  after  being  in  the  acid  about  four  days. 
1.  Seen  in  the  direction  of  the  vertical  axis.  2.  Seen  in  the  direction  at  right  angles 
to  the  vertical  axis  and  a  prism  of  the  first  order. 

3  and  4.  Appearance  of  the  etched  sphere  after  being  in  the  acid  about  three 
weeks.  3.  Seen  as  in  1.  4.  Owing  to  a  mistake  in  taking  the  photograph  seen  about 
at  right  angles  to  a  prism  of  the  second  order. 

5  and  6.  Appearance  of  the  etched  sphere  afler  being  in  the  acid  about  seven 
weeks.    5.  Seen  as  in  1  and  3.     6.  Seen  as  in  2. 


Trans.  Cokn.  Acad.,  Vol.  VIII.  22  Deo.,  1889. 


T 


(i' 


XI. — New  England  Spiders   of  the   Families  Dbassid^, 

AOALENID^   AND   DySDBBID^.      By   J.    H.    EmSBTON. 

Dra43sid8e. 

The  DrassidcB  have  long  bodies  like  the  AgcUenidce  and  I^co^dce^ 
but  most  of  them  are  a  little  flattened  above  and  walk  with  their 
bodies  near  the  ground  ;  the  first  and  second  feet  are  directed  for- 
ward and  the  third  and  fourth  backward.  The  feet  have  but  two 
claws,  under  which  is  usually  a  cluster  of  hairs  sometimes  so  thick 
as  to  conceal  the  claws.  The  under  sides  of  the  tarsus  and  metatarsus 
are  sometimes  covered  with  hairs,  especially  on  the  first  and  second 
legs,  and  these  hairs  are  often  flattened  or  thickened  at  the  end. 
The  cephalothorax  is  low  in  front,  the  highest  part  being  in  the 
middle  or  farther  back.  The  eyes  are  in  two  nearly  straight  rows. 
The  spinnerets  are  cylindrical  with  the  tubes  on  the  end,  and  the 
upper  and  under  pairs  are  nearly  equal  in  length. 

None  of  the  DrassidcB  make  webs  for  catching  insects,  though 
many  of  them  make  nests,  usually  flattened  tubes,  in  which  they 
hide  in  winter  or  while  moulting  or  laying  eggs.  Most  of  them  live 
on  the  ground  and  hide  under  leaves  and  stones.  A  few,  as  ChtbionOy 
Chiracanthiumy  and  Anyphmna  live  in  summer  on  plants  several 
feet  above  the  ground. 

Many  species  are  found  adult  at  all  seasons  and  probably  live 
several  years. 

The  cocoons  are  flat,  some  are  attached  by  one  side,  but  most  of 
them  lie  loose  in  the  nest  or  hiding  place. 

A  large  nnmber  of  American  species  were  described  and  figured 
by  Hentz,  most  of  them  under  the  generic  name  Herpyllus,  Of 
these  I  have  identified  nine  :  H,  descriptus,  crocatua^  alarms^  ecclesi- 
astictis,  ater^  bilineatiiSy  variegatuSy  and  Cluhiona  aaltabunday  pcUletts, 
Several  others  have  been  described  by  Thorell,  and  of  these  I  have 
identified  Qnaphosa  brumalis  Thor.,  Proc.  Boston  Soc.  Nat.  Hist., 
vol.  xvii,  1875,  and  Gnaphosa  conspersa,  G,  scudderi,  and  Prosthe- 
sima  melancholia  Thor.,  Bulletin  Hayden's  U.  S.  Geol.  Survey,  vol. 
iii.  No.  2,  1877.  The  specimens  of  this  family  in  the  Museum  of 
Comparative  Zoology  in  Cambridge,  Mass.,  have  been  named  by 
Keyserling,  and  I  have  adopted  his  names  for  several  species  though 
they  are  not  yet  published. 
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Mioaria  Westdng. 

This  genus  was  first  separated  from  Drassus  by  C.  Koch  under 
the  name  of  Macariay  which  had  before  been  used  for  a  genus  of  Lepi- 
dopteray  and  was  therefore  changed  by  Westring  to  Micaria  in  1861. 
They  are  all  small  and  slender  spiders  with  the  cephalothorax  arched 
upward  in  the  middle,  without  any  dorsal  groove  or  only  a  thick 
opaque  spot  in  place  of  it.  The  abdomen  and  usually  the  cephalo- 
thorax are  covered  with  flattened  scales  sometimes  brightly  colored  r^J* 
and  iridescent.  The  tarsus  and  metatarsus  of  the  first  and  second 
feet  have  a  double  row  of  flattened  hairs  on  the  under  side. 

Hentz^s  HerpyllxM  auratus,  found  farther  south,  belongs  to  this 
genus  and  is  nearly  related  to  M.  longipea, 

Micaria  longipes,  new  sp. 

Plate  111,  fiqcbes  la,  Ifc,  Ic,  Irf,  Ic,  1/,  1^. 

Largest  specimen  5*""  long.  PI.  lu,  fig.  1.  The  cephalothorax 
is  twice  as  long  as  wide,  widest  across  the  middle.  Head  not  much 
narrowed.  The  eyes  occupy  half  the  width  of  the  head.  The  front 
row  is  nearly  straight,  the  upper  row  with  the  middle  eyes  highest. 
Eyes  all  nearly  of  the  same  size.  The  cephalothorax  is  highest  in 
the  middle,  curving  downward  toward  both  ends.  The  abdomen  is 
one-half  longer  than  the  cephalothorax  and  about  as  wide,  blunt  at 
both  ends  and  drawn  in  a  little  at  the  sides  and  above  about  one- 
third  its  length  from  the  front.  The  legs  are  long  and  slender,  the 
fourth  pair  longest.  The  colors  are  light  yellowish  brown  with  gray 
hairs  and  scales  which  have  green  and  red  metallic  reflections  on  the 
abdomen.  The  legs  are  darker  from  before  backward,  the  front 
pair  all  light  yellow  except  the  femur,  and  the  fourth  and  third  pairs 
with  longitudinal  brown  stripes  that  nearly  cover  the  tarsal  joints. 
The  cephalothorax  is  without  markings.  The  abdomen  has  a  pair  of 
white  stripes  at  the  constricted  spot  and  a  less  distinct  pair  near  the 
front  end.  At  the  hinder  end  it  is  almost  black.  The  scales  of  the 
abdomen  are  of  various  forms,  those  of  the  white  spot  are  long  with 
several  branches  at  the  base  figs.  Ic?,  1«,  those  of  the  front  of  the 
abdomen  are  more  simple,  fig.  Ic,  and  those  behind  the  white  mark 
ings  are  half  as  wide  as  long  with  two  rows  of  short  branches  fig.  1/ 
at  some  distance  from  their  edges.  The  under  side  of  the  abdomen 
is  as  dark  as  the  upper  side.  The  white  markings  extend  under  half 
way  to  the  middle  line.  The  sternum  is  nearly  twice  as  long  as 
wide,  widest  at  the  second  pair  of  legs  and  narrowed  to  a  point 
behind. 
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The  maxillae  are  a  little  notched  on  the  outer  sides  and  straight 
on  the  ends  except  at  the  inner  comers.  The  labium  is  two-thirds 
as  long  as  the  maxillae.  It  is  narrowed  toward  the  tip,  where  it  is 
about  half  as  wide  as  at  the  base,  fig.  la. 

The  male  palpi  are  small,  the  patella  and  tibia  are  about  of  the 
same  length ;  at  the  base  of  the  tibia  on  the  upper  side  is  a  large 
tooth  nearl}'  as  long  as  the  diameter  of  the  palpus,  and  curved 
strongly  forward,  fig.  \b.  The  tarsus  is  as  long  as  the  tibia  and 
patella  together,  and  pointed  at  the  end.  The  palpal  organ  is  small, 
fig.  \b. 

The  epigynum  of  a  female  from  Salem,  Mass.,  appears  as  in  fig.  lA 
with  two  oblique  openings  near  the  posterior  edge. 

Salem  and  Medford,  Mass.,  under  stones  and  leaves.  Adult  male 
in  August  and  adult  female  in  June. 

Micaria  mozitaiia,  new  sp. 

Plate  III,  figures  2,  2a. 

This  is  smaller  than  the  common  species.  A  female  measures  4°^™ 
long.  The  cephalothorax  is  not  twice  as  long  as  wide  and  the  widest 
part  is  behind  the  middle.  The  abdomen  is  twice  as  long  as  wide, 
not  constricted  or  truncated  at  either  end.  The  cephalothorax  and 
legs  are  light  yellow-brown,  the  legs  lighter  toward  the  ends.  The 
abdomen  is  greenish  brown  with  iridescent  scales.  Across  the  mid- 
dle is  a  distinct  narrow  white  line  and  a  less  distinct  one  crosses  the 
front  of  the  abdomen.  On  the  hinder  half  of  the  abdomen  are  four 
or  five  white  spots.  The  white  markings  extend  a  short  way  under 
the  abdomen.  The  epigynum,  Plate  iii,  fig.  2a,  has  two  oblique 
openings  near  the  posterior  edge  turned  more  toward  each  other  and 
less  downward  than  in  Micaria  longipes, 

Mt.  Washington,  N.  H.,  July  1,  18V4,  east  side,  near  the  Ledge, 

G-eotrecha,  new  genus. 

This  genus  includes  a  number  of  American  spiders  described  by 
Hentz,  under  the  name  of  Herpt/Uus.  Besides  HerpyUtts  desa-iptus 
and  crocatus,  H,  ornatuSy  H.  longipcUpiut,  H,  niarmoratusy  H,  cruei- 
geVy  n,  conariiiSy  H,  trilineatuSy  probably  belong  in  it.  H,  descrip- 
tus  and  Hi  crocatus  were  placed  by  Koch  in  the  genus  Agnxca, 
with  which  they  agree  in  the  shape  of  the  maxillae  and  position 
of  the  eyes.  In  this,  he  was  followed  by  Keyserling,  who  named 
the  specimens  of  that  species  in  the  Museum  of  Comparative 
Zoology,  in  Cambridge,  Mass.,  Agrceca  crocata.    In  the  same  collec- 
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tion  another  species,  Geotrecha  hivittata,  is  named  by  Keyserling 
Oastianeira  bivUtata^  the  genus  Castianeira  having  been  named  by 
Keyserling,  in  1879,  for  a  South  American  spider,  with  a  long, 
slender  cephalothorax  and  a  slender  abdomen  with  the  front  part 
hardened  and  differently  colored  from  the  softer  part. 

In  oar  species  of  Geotrecha,  the  cephalothorax  is  about  two-thirds 
ss  wide  as  long  and  narrowed  in  front,  more  in  some  species  than  in 
others.  The  abdomen  is  longer  and  a  little  wider  than  the  cephalo- 
thorax. It  sometimes  has  a  small,  hard  patch  at  the  front  end  which 
is  of  the  same  color  as  the  rest  of  the  back  and  not  easily  seen.  The 
abdomen  is  round,  not  flattened  above  as  it  usually  is  in  Proatheaima, 
The  legs  are  long  and  slender.  The  hairs  on  the  under  side  of  the 
first  and  second  legs  are  only  slightly  flattened  and  thickened,  and  the 
claws  concealed  by  a  thick  bunch  of  hairs.  The  maxillae  are  nearly 
straight  as  in  Agrceca  and  the  labium  is  as  short  as  wide.  The  eyes 
are  close  together  in  the  middle  of  the  front  of  the  head,  the  front 
row  nearly  straight  and  the  hind  row  with  the  middle  eyes  highest. 
The  middle  eyes  of  both  rows  are  largest  and  farther  apart  than 
they  are  from  the  lateral  eyes.  The  spinnerets  are  very  small  and 
close  together.  The  colors  are  dark  brown  and  black,  with  white  or 
bright  colored  markings. 

The  male  palpi  have  the  patella  and  tibia  both  short  and  the  tarsus 
long  and  tapering.  The  palpal  organ  is  round  at  the  base  and  tapers 
to  a  fine  point.  The  epigynum  has  two  simple  openings  directed 
backward,  and  differing  in  size  and  distance  apart  in  different  species. 

Geotrecha  bivittata. 

Castianeira  bivittata  KeyserliDg,  specimens  in  Cambridge  Museum. 
Plate  III,  figures  3a,  36,  3c,  Zd. 

Length,  7  or  S"*"*.  Legs  of  fourth  pair,  10  or  11™°*.  The  cepha- 
lothorax is  widest  across  the  middle  in  front  of  the  dorsal  groove, 
Plate  III,  fig.  3a,  and  is  about  half  as  wide  at  either  the  front  or 
hinder  end.  The  abdomen  is  usually  about  as  long  as  the  cephalo- 
thorax and  widest  at  the  hinder  third.  It  is  sometimes  slightly 
drawn  in  at  the  sides  and  above  over  the  front  white  marking.  This 
is  caused  by  contraction  in  alcohol,  the  front  end  of  the  abdomen 
being  hardest  contracts  less  than  that  part  just  behind  it.  The  legs 
are  long  and  tapering,  the  fourth  pair  longest. 

The  cephalothorax  is  dark  brown.  The  abdomen  is  of  the  same 
color,  a  little  lighter,  with  two  white  cross  stripes,  one  about  the 
middle  of  the  back  and  the  other,  a  less  distinct  one,  farther  for- 
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ward.  The  femora  of  all  the  legs  are  striped  lengthwise  with  brown 
and  yellow.  The  hind  legs  are  brown  with  a  little  yellow  on  the 
upper  side  of  the  patella  and  tibia.  The  other  legs  are  yellow,  some- 
times with  brown  stripes  on  the  under  side.  The  white  marks  on 
the  abdomen  extend  underneath  half  way  to  the  middle  line.  The 
front  hard  part  of  the  under  side  of  the  abdomen  is  lighter  than  the 
hinder  part,  and  the  sternum  is  of  the  same  color.  The  coxae  are 
lighter  yellowish  brown. 

The  cpigynum  shows  through  the  skin  as  three  dark  spots  and  has 
two  openings  directed  backward,  fig.  ^d. 

The  male  palpi  have  the  patella  very  short,  about  half  as  long  as 
the  tibia,  fig.  3^  The  tarsus  is  very  large  and  dark  colored,  wide  at 
the  base  and  tapering  toward  the  tip.  The  palpal  organ  is  simi- 
larly shaped,  with  a  rounded  bulb  through  which  the  coiled  tube 
can  be  seen,  and  a  slender  tip  lying  in  a  groove  in  the  tarsus,  fig.  3c. 

Hentz's  HerpyUus  zonarius  and  trilineatus  seem  to  be  near  this 
species. 

It  lives  under  leaves  at  all  seasons  of  the  year,  and  though  not  so 
quick  in  its  motions  as  crocata  is  a  difiicult  spider  to  catch  except  in 
cold  weather,  when  it  is  often  sifted  from  leaves  in  a  torpid  condi- 
tion. 

Massachusetts,  Connecticut,  and  in  N.  Pike's  Long  Island  collection. 

The  color  is  sometimes  lighter,  the  whole  cephalothorax  above 
and  below  being  light  orange  color,  and  the  legs  the  same  color,  with 
the  longitudinal  brown  stripes  very  narrow  and  indistinct. 

In  young  individuals  of  both  varieties  the  sternum  is  wider  and 
more  convex  than  in  adults. 

G-eotrecha   pinnata,  new  ep. 

Plate  III,  figures  4,  4a. 

The  largest  specimen  is  V""  long,  cephalothorax,  3"™. 

The  cephalothorax  is  shaped  much  as  in  (7.  croccUa,  The  abdo- 
men is  oval,,  not  so  much  naiTOwed  in  front  as  in  the  other  species. 

The  cephalothorax  is  light  brown.  The  abdomen  is  grayish 
brown  with  several  white  transverse  stripes.  The  'two  widest 
stripes  are  in  the  same  position  as  the  two  stripes  of  C  bivittata. 
On  the  front  of  the  abdomen  is  another  stripe,  and  on  the  posterior 
half  are  four  or  five  others,  some  of  them  incomplete  on  the  middle 
of  the  back.  The  femora  of  all  the  legs  are  light  brown,  the  first, 
second  and  third  legs  are  yellow,  except  the  femora.  The  fourth 
legs  have  the  tarsus  and  the  ends  of  the  tibia  yellow,  the  rest  light 
brown.     Plate  iii,  fig.  4. 
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EpigjDum,  like  that  of  crocata^  but  with  the  holes  larger  and 
nearer  together,  fig.  4a. 

The  palpal  organs  and  male  palpi  resemble  those  of  crocata,  but 
are  a  little  larger. 

Three  specimens,  of  different  ages,  from  Medford,  Mass.,  under 
leaves  with  C.  bivittata.  Three  adult  females  from  Topsfield,  Mass., 
Sept  3d,  under  log  in  woods.  Males  and  females  in  N.  Pike's  Long 
Island  collection. 

Oeotrecha  crocata. 

AgrcBca  crocata  Keys.,  specimeDS  in  Mus.  Comp.  Zool ,  Oambridge,  Mass. 
9  HerpyUua  deacriptua  Heotz. 
^  HerpyUua  crocaiua  Hentz. 

Platb  III,  riGUBBS  3()  3c,  3d, 

Length  of  female,  8  to  10""* ;  cephalothorax,  4°*™.  The  cephalo- 
thorax  is  nearly  twice  as  long  as  wide  and  widest  across  the  dorsal 
groove.  It  is  not  narrowed  behind  as  much  as  in  C.  bivittata.  The 
abdomen  is  usually  longer  than  the  cephalothorax  and  a  little  wider 
at  the  widest  part 

The  cephalothorax  is  very  dark  brown  or  black,  and  the  femora 
and  coxffi  of  all  the  legs  are  the  same  color.  The  abdomen  is  black 
with  a  bright  red  spot  of  variable  shape  and  size  at  the  posterior  end. 
The  spot  turns  yellow  in  alcohol  In  some  specimens  it  is  wanting. 
In  the  males  the  red  spot  is  usually  larger,  sometimes  extending  the 
whole  length  of  the  abdomen.  The  hind  legs  are  black  or  brown 
their  whole  length,  a  little  lighter  at  the  ends ;  the  other  legs  are 
yellow,  except  the  femora.     The  under  side  of  the  body  is  all  black. 

The  epigynum  has  two  small  round  openings,  wide  apart,  a  little 
in  front  of  the  transverse  fold.     Plate  iii,  fig.  3d. 

The  male  palpi  are  much  like  those  of  C.  bivittata,  but  the  tarsus 
and  palpal  organ  are  only  about  half  as  large  and  the  patella  and 
tibia  are  nearly  equal  in  length.  The  tibia  has  a  short  process  on 
the  under  side.     Figs.  36,  3c. 

This  spider  lives  among  stones  in  dry,  open  places.  It  is  easily 
alarmed  and  moves  very  rapidly.  The  flat,  parchment-like  cocoons 
common  on  stones  in  pastures  are  probably  made  by  this  species. 

Massachusetts  and  Connecticut,  and  in  N.  Pike's  Long  Island  col- 
lection. 
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Prosthesima  L.  Koch. 

Cephalothorax  widest  in  the  middle  and  more  than  half  as  wide  in 
front.  Eyes  near  together,  occupying  about  half  the  width  of  the 
head.  The  middle  eyes  of  both  rows  smaller  than  the  lateral  and 
nearer  together  than  they  are  to  the  lateral  eyes.  Tipper  row 
straight,  or  the  lateral  eyes  a  little  farther  back.  Sternum  large 
and  nearly  as  wide  as  long.  Maxillae  wide  in  the  middle  and  but 
little  widened  at  the  ends,  PL  iii,  fig.  6a.  First  and  second  legs  with 
flattened  hairs  under  the  tarsus  and  part  of  the  metatarsus. 

Prosthesima  atra. 

Herpyllus  aUr  Hentz. 

Proaihesima  fujieata  EeyserliDg,  specimens  in  Mus.  Com  p.  ZooL,  Cambridf^,  Mass. 

Prostheaima  melancholica  Thorell,  Bull.  Hayden's  U.  S,Gcol.  Survey,  Vol.  Ill,  1877. 

Plate  III,  figubbs  6,  6c,  6<f. 

Female,  8""  long ;  cephalothorax,  8"™.  Male  smaller.  Cephalo- 
thorax  and  abdomen  both  a  little  flattened  above.  Cephalothorax 
narrow  in  front,  about  half  as  wide  as  in  the  middle.  Plate  iii,  fig.  6. 
Abdomen  oval,  the  hinder  half  usually  a  little  wider  than  the  front. 
Sternum  very  large,  almost  as  wide  as  long,  fig.  6a.  Maxillie  and 
labium  large  and  a  little  shorter  and  wider  than  in  P.  eeclesiasticcu 
Feet  1  and  2  with  flattened  hairs  under  the  tarsus  and  half  the 
metatarsus.     Feet  3  and  4  with  fine  hairs  in  the  same  places. 

The  whole  body  is  black  in  most  individuals,  sometimes,  especially 
in  the  young,  yellowish  brown  on  the  ends  of  the  feet  and  under  the 
abdomen. 

Epigynum  large  and  distinct  with  two  small  depressions  in  front 
and  large  openings  behind  surrounded  by  a  thick  brown  rim,  fig.  %d. 

The  male  palpus  is  short  with  a  very  large  tursus,  as  long  as  the 
tibia  and  patella  together  and  more  than  half  as  wide.  The  process 
on  the  outside  of  the  tibia  is  about  as  long  as  the  tibia  itself  and 
nearly  straight.  The  palpal  organ  has  a  small  fine  tube  and  several 
small  hooks  and  processes  all  at  the  tip  end  of  the  palpus,  fig.  6o. 

This  spider  lives  under  stones  and  leaves.  The  cocoon  is  flat  on 
one  side,  by  which  it  is  attached,  and  convex  on  the  other.  It  is 
white,  or  sometimes  a  little  pink. 

Mt.  Washington,  N.  H.,  Eastport,  Me.,  Massachusetts,  and  in 
N.  Pike's  Long  Island,  N.  Y.,  collection. 

P,  melancholica  was  found  by  Dr.  A.  S.  Packard  at  Monitou, 
Colorado,  1875. 
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Prosthesima  depressa,  new  sp. 

Plate  III,  nouKES  8,  8a. 

A  smaller  species  than  atra.  Female^  6""*  long.  The  head  is 
much  smaller  than  in  atra  and  the  eyes  larger  and  closer  together. 
Plate  III,  fig.  8.  The  cephalothorax  and  abdomen  are  black.  The 
first  and  second  legs  have  the  tarsus  and  metatarsns  pale  yellow,  the 
rest  of  the  legs  black  except  a  pale  spot  on  the  outside  of  each 
femur.  The  third  and  fourth  legs  have  the  tarsus  and  metatarsus 
pale,  the  tibia  black  at  the  distal  end,  the  leg  becoming  lighter  from 
this  point  to  the  base.  Underneath,  the  coxae  are  darker  from 
behind  forward. 

The  epigynum  has  the  openings  at  the  sides,  farther  forward,  and 
the  ridges  over  them  thicker  and  shorter  than  in  atra,  and  the  two 
little  depressions  in  front  appear  to  be  wanting,  fig.  8a. 

Medford,  Mass.,  July  28. 

Prosthesima  ecclesiastioa. 

ProgUyisima  propinqua  Keys. 
HerpyUua  ecelesiaaticwi  Flentz. 

Plate  III,  pwurb  7,  7a,  lb,  7c,  Id, 

This  spider  is  about  8  or  10""  long,  a  little  smaller  than  Gnaphosa 
consperaa  which  it  resembles  in  form  and  habits,  but  from  which  it 
is  easily  distinguished  by  its  colors.  Th«  cephalothorax  is  black  at 
the  sides  and  has  a  whitish  stripe  in  the  middle.  The  abdomen  is 
black  at  the  sides  with  a  bright  white  stripe  in  the  middle  that 
extends  from  the  front  end  about  two-thirds  its  length.  At  the 
hind  end  of  the  abdomen,  just  over  the  spinnerets,  is  another  white 
spot.  The  legs  are  dull  black  turning  to  brown  in  alcohol,  as  does 
the  cephalothorax.  The  under  side  of  the  abdomen  is  dark  at  the 
sides  and  light  in  the  middle. 

The  eyes  cover  about  half  the  width  of  the  head,  The  two  rows 
are  nearly  equal  in  length,  the  hinder  only  a  little  the  longer.  Seen 
from  above,  both  rows  appear  straight.     PI.  iii,  fig.  7. 

The  maxillae  are  widened  at  the  end,  the  outer  corner  sharp  and 
the  inner  rounded  off  down  to  the  lip.     Fig.  7a. 

The  male  is  much  smaller  than  the  female  but  similarly  marked. 
The  male  palpi  are  small.  The  patella  and  tibia  are  short,  and  the 
tarsus  is  as  long  as  both  together.  The  process  on  the  tibia  is  slender 
and  aboat  equals  the  tibia  in  length.  It  is  on  the  outer  side,  show- 
ing indistinctly  from  above.     It  is  slightly  forked  at  the  tip.     The 
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palpal  organ  is  simple,  with  two  short  processes  on  the  outer  e&d. 
Fig.  7c,  Id. 

The  epigynum  has  a  small  oval  opening  at  the  posterior  end  of  i 
dark  area.     Fig.  lb. 

Under  stones.  Boston,  Salem,  Dan  vers.  Wood's  Holl,  Mass.;  Al- 
bany, N.  Y.;  Providence,  R.  I. 

POBCilochroa  Westr.,  Simon. 
Plate  IV,  figures  lo,  3a. 

The  cephalothorax  is  narrowed  toward  the  front,  as  in  iVoJtfc^ 
sima,  and  more  narrowed  in  males  than  in  females.  The  two  rowi  of 
eyes  are  far  apart,  the  hinder  row  a  little  longer  than  the  front  row, 
with  the  lateral  eyes  farther  back  than  the  middle  ones.  The  middle 
eyes  are  farther  apart  than  they  are  from  the  lateral  eyes.  TV 
labium  is  not  much  longer  than  wide  and  a  little  narrowed  toward  the 
end.  The  maxillae  are  about  twice  as  long  as  the  labium.  TlieT  ire 
narrower  at  the  base  and  widen  to  the  insertion  of  the  palpi  From 
the  palpi  the  maxillaB  curve  inward  and  nearly  meet  in  front  of  tbe 
lip.  The  outer  comers  are  turned  outward.  PI.  iv,  figB.  la,  34 
The  colors  are  bright  and  the  markings  distinct. 

PcBoilochroa  vaxiegata. 

fferpyUus  variegatus  Hentz. 

DroMus  variegatus  Keyscrling,  specimens  in  Mue.  Comp.  Zool ,  Cambrid^,  Ifas^ 

Plate  IV,  figures  1,  16,  \c. 

This  is  one  of  the  most  distinct  and  brightly  colored  species  of  the 
family.  PI.  iv,  fig.  1 .  The  cephalothorax  is  bright  orange,  a  littk 
darker  toward  the  eyes.  The  abdomen  is  black  with  three  whitr 
transverse  stripes  from  the  middle  of  which  a  T-shaped  white  mirk 
extends  half  way  to  the  front  stripe.  On  the  front  half  of  the  ab- 
domen the  white  stripes  are  usually  partly  colored  with  orange.  TIh- 
femora  of  the  first  and  second  legs  are  black.  The  distal  end  oi  the 
femur  and  both  ends  of  the  tibia  of  the  fourth  legs  are  blacL  TIk 
legs  are  otherwise  orange  colored.  The  hinder  row  of  eyes  is  con- 
siderably longer  than  the  front  row,  the  rear  lateral  eye«  beiif 
their  diameter  nearer  the  sides  of  the  head  than  those  of  the  froot 
row.  The  head  of  the  male  is  much  narrower  than  that  of  tht- 
female.  The  male  palpus  has  a  process  on  the  outer  side  of  the  dhb 
half  as  long  as  the  tarsus,  tapering  toward  the  end  and  slightly  bent 
inward  at  the  tip.  The  tube  ends  near  the  outer  end  of  the  tar«* 
and  is  supported  by  a  short  thick  process.     Figs.  Ift,  Ir. 
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This  spider  is  commou  under  leaves  in  dry  woods.  Eastern  Massa- 
chusetts; Dublin,  N.  H.;  New  Haven,  Conn. 

Poecilochroa  montana,  new  ap. 

Plate  IV,  figdbes  2,  2a. 

This  species  is  a  little  larger  and  less  brightly  colored  than 
P.  variegcUa.  PI.  iv,  fig.  2.  Female  8™"*  long,  cephalotborax 
3.5"".  The  arrangement  of  the  eyes  and  proportions  of  the  body 
are  about  the  same.  The  cephalotborax  and  legs  are  dark  brown, 
the  hinder  ones  a  little  the  lighter.  The  abdomen  is  black  with  a 
pair  of  white  spots  near  the  front  end  and  another  pair  across  the 
middle  nearly  united  in  the  middle.  The  sternum  and  coxeb  are 
dark  brown.  The  epigynum  is  dark  brown  with  a  small  opening  at 
the  hind  end.     Fig.  2a. 

Mt.  Washington,  N.  H.,  on  the  road  to  Gorham. 

PcBcilochroa  bilineata. 

Herpylhis  hilintatus  Hentz. 

PLATB  17,  KIOUKE  3,  3a. 

A  very  distinct  species  on  account  of  its  markings.  Cephalotborax 
white,  with  two  black  stripes  and  a  tine  black  line  on  the  edge, 
each  side.  PI.  iv,  fig.  3.  Abdomen  thickly  covered  with  long  hairs, 
white  in  the  middle  and  at  the  sides,  and  with  two  wide  black  stripes 
that  do  not  extend  quite  to  the  end.  The  under  side  of  the  abdo- 
men is  white  with  a  black  stripe  each  side.  Fig.  3a.  The  legs  are 
covered  with  gray  and  white  hairs. 

The  female  is  7°""  long,  cephalotborax  3""".  The  head  is  about 
half  as  wide  as  the  middle  of  the  thorax.  The  eyes  are  small,  the 
middle  pair  in  each  row  farther  apart  than  they  are  from  the  lateral 
eyes.  The  two  rows  are  widely  separated.  Sternum  oval,  widest 
in  the  middle.  Spinnerets  long.  Epigynum  small,  with  a  single 
opening  directed  backward  just  in  front  of  the  transverse  fold. 

G-naphosa  Latr.,  1804. 
Onaphosa  brumaliS  Thorell,  Proc.  Boston  Sbc.  Nat.  Hist.,  vol.  xvii,  1876. 
Gnaphosa  scudderi  Thorell,  Bull.  Hay  den's  U.  S.  Geol.  Survey,  vol.  iii,  1877. 
Plate  rv,  figures  5,  5a,  66. 

This  species  is  a  little  smaller  than  6.  conspersa,  A  female  of  the 
osual  size  is  10"°*  long,  cephalotborax  4™™,  while  conspersa  grows  to 
the  length  of  12  or  15""". 
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The  colors  are  the  same  as  those  of  conspersa  ;  cephalothorax  and 
legs  dark  browu  and  abdomen  rusty  black. 

The  epigynum  has  the  openings  rather  wider  apart,  and  the  front 
middle  appendage  flat,  wrinkled  at  the  edges,  and  with  a  hard  spot 
in  which  is  a  small  hole  near  the  end.  This  appendage  resembles 
the  finger  in  the  same  position  in  Epeira,     PI.  iv,  fig.  bh. 

The  male  palpus  has  the  tibia  rather  shorter  and  its  outer  process 
longer  than  in  conspersa,  fig.  5.  The  tube  of  the  palpal  organ 
is  only  about  half  as  long,  its  base  being  nearer  the  middle  of  the 
tarsus.  The  middle  hooked  appendage  is  as  long  as  in  conspersa^ 
but  much  more  slender,  fig.  6a, 

Under  stones  on  Mt.  Washington,  N.  H.,  from  the  ledge  upward, 
with  cocoons  of  eggs  July  1. 

Males  and  females  from  Ellis  Bay,  Anticosti,  July  23,  S.  Hen- 
shaw  in  collection  of  Boston  Soc.  Nat.  Hist. ;  females  with  cocoons  of 
eggs. 

The  specimen  named  by  Thorell  was  from  Strawberry  Harbor, 
Labrador,  collected  by  A.  S.  Packard  in  1864. 

6?.  seudderi  was  found  by  A.  S.  Packard  at  the  Garden  of  the 
Oods,  Colorado,  in  1875. 

Gnaphosa  conspersa  Thorell,  BuU.  Hayden^s  U.  S.  Geol.  Survey,  vol.  iii, 
1877. 

Gnaphosa  gigantea  Eeyserliog,  specimeDS  in  Mus.  Comp.  Zool.,  Cambridge,  Mass. 

Plate  IV,  figures  4,  4a,  46,  4c,  id,  4«. 

This  spider  is  12  to  15™"^  long  and  rusty  black  in  color.  Some 
specimens  freshly  moulted  are  dull  yellowish  or  greenish  gray,  and 
old  individuals  have  a  brownish  color.  The  whole  body  and  the  legs 
are  covered  with  long  hairs.  The  cephalathorax  is  wide  in  front  and 
the  eyes  are  not  so  close  together  as  in  Pythonissa  imbecillay  or  in 
Prosthesima,  The  hinder  row  of  eyes  is  a  little  longer  than  the  front 
row,  and  the  lateral  eyes  are  larger  and  farther  back  than  the  middle 
ones.  PI.  IV,  fig.  4.  The  middle  hinder  eyes  are  a  little  oval  and 
oblique,  diverging  toward  the  front.  The  mandibles  are  large  and 
strong,  on  the  inner  side  under  the  claw  they  have  a  wide  flat  tooth 
with  irregular  and  serrated  edge,  and  near  the  inner  corner  two  large 
pointed  teeth,  fig.  4ft.  The  maxillsB  are  very  wide  and  curve  inward 
so  as  nearly  to  meet  around  the  end  of  the  lip.  Their  outer  comers 
are  rounded,  fig.  4a.  The  spinnerets  are  stout  and  the  lower  pair 
are  widely  separated.  The  male  differs  but  little  from  the  female. 
The   male   palpi   have    the  patella  and  tarsus  both  short  and  the 
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Ursas  as  long  as  both  of  them.  The  tibia  has  a  short  pointed  pro- 
cess extending  forward  over  the  tarsus,  fig.  4c.  The  tarsus  is  curved 
outward  at  the  end.  The  tube  of  the  palpal  organ  is  slender  and 
extends  along  the  outer  edge  of  the,  tarsus  for  its  whole  length.  At 
the  outer  end  of  the  palpal  organ  is  a  short  process  flat  at  the  end 
and  curved  downward,  fig.  ^d.  The  epigynum  has  a  long  opening 
on  each  side  and  a  short  transverse  pit  in  front  of  them  in  the 
middle,  fig.  4€.  In  western  specimens  the  opening  at  the  hinder 
part  of  the  epigynum  has  the  sides  more  nearly  parallel,  not  diverg- 
ing forward  as  much  as  in  those  from  New  England. 

It  lives  under  stones  and  leaves.  The  cocoon  is  white  and  flat, 
with  its  diameter  as  great  or  greater  than  the  length  of  the  spider. 
The  female  stays  near  the  cocoon,  but  makes  no  nest. 

All  over  New  England,  from  the  White  Mountains,  N.  H.,  to  New 
Haven,  Connecticut ;  Adirondacks,  N.  Y. 

Thorell's  specimens  were  collected  by  A.  S.  Packard  in  1875.  A 
female  with  cocoon  of  eggs  on  Gray's  Peak,  Colorado,  over  11,000 
feet  high,  on  fir,  Kelso's  cabin,  Colorado,  and  a  small  one  from 
Idaho,  all  adult  females  and  all  smaller  than  most  eastern  specimens. 

Pythonissa  Koch. 

PythoniSSa  imbecilla  Keyserling,  specimen  from  Kentucky  in  Mus.  Comp. 

ZooL,  Cambridge,  Mass. 

Plate  JV.  figures  Ga,  66,  6c,  6rf. 

The  male  is  about  4""*  long  and  the  female  6™™.  The  two  rows 
of  eyes  are  nearly  of  the  same  length,  the  hinder  row  almost  straight, 
with  the  lateral  eyes  only  slightly  farther  back  than  the  middle 
ones.  The  lateral  eyes  of  both  rows  are  larger  than  the  middle  eyes. 
The  maxillaB  are  almost  as  wide  as  long  and  are  curved  inward  so  as 
to  touch  in  front  of  the  lip.  PI.  iv,  tig.  6a.  The  front  edge  of  the 
maxilise  is  straight  with  the  corners  only  slightly  rounded.  The 
mandibles  are  small  and  the  wide  tooth  under  the  claw,  fig.  6^,  can 
be  plainly  seen  just  in  front  of  the  maxillae  with  another  pointed 
tooth  on  its  inner  side.  The  cephalothorax,  both  above  and  below, 
and  the  legs  are  orange-brown  with  black  hairs.  The  abdomen  is 
bluish  black  with  a  few  whitish  hairs  at  the  hind  end  and  around 
the  four  muscular  spots  near  the  middle.  The  epigynum,  as  in  fig.  6o?. 
The  patella  and  tibia  of  the  male  palpus  are  very  short  and  not  so 
thick  as  the  femur.  The  tarsus  is  as  long  as  the  patella  and  tibia 
together.  The  palpal  organ  is  large  and  complicated,  the  tube  show- 
ing plainly  across  the  outer  end,  fig.  6c. 
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Under  stones.  Males  from  Dublin,  N.  H.,  and  Dedbam,  Mass. 
Females  from  Bluebill,  Milton,  Mass. 

Drassus. 

Plate  IV,  figure  7a. 

Tbe  genus  Drassua  of  Walckenaer  included  the  greater  part  of 
the  present  family  Drassidoe^  as  well  as  some  Agcdefiidoe  and  Cini- 
flonicUje,  From  this,  various  genera  have  been  separated  from  time 
to  time,  leaving  the  present  Drassus  an  ill  defined  group  containing 
species  differing  greatly  among  themselves  and  forming  several 
groups,  which  further  study  will  no  doubt  make  it  possible  to  sepa- 
rate.  The  only  two  species  which  I  place  in  this  genus  belong,  one 
near  the  European  -Z>.  tapidosus  and  the  other  near  D,  troglodytes. 
In  these  species  the  cephalothorax  is  wider  in  front  and  less  flattened 
than  in  Onaphqaa  and  Prosthesima,  The  eyes  are  small  and  sepa- 
rated by  spaces  at  least  as  wide  as  their  diameter.  The  front  row  is 
nearly  straight.  The  posterior  row  is  longer,  and  curved  with  the 
lateral  eyes  lower  than  the  middle.  The  middle  hinder  eyes  are  oval 
and  turned  apart  toward  the  front,  and  are  nearer  together  than  to 
the  lateral  eyes.  The  mandibles  and  maxillae  are  large  and  stout. 
The  maxillfiB  are  widened  on  both  sides  beyond  the  insertion  of  the 
palpi,  the  outer  corners  are  slightly  rounded  and  the  inner  comers 
slope  obliquely  toward  the  lip.  PI.  iv,  fig.  7  a.  The  lip  is  about 
half  as  long  as  the  maxillae.  The  colors  are  gray  and  drab  with  fine 
short,  white  or  gray  hairs,  and  only  faint  markings  on  the  abdomen. 

Drassus  saccatus,  new  sp. 

Plate  IV,  piqures  7,  7c,  Id, 

This  is  one  of  the  most  common  of  our  Draaaidoe.  PI.  iv,  fig.  7. 
The  female  grows  to  be  12™'"  long,  with  legs  10™™  to  IS"*".  The 
color  is  light  gray  sometimes  with  indistinct  transverse  dark  mark- 
ings on  the  abdomen.  The  color  of  the  front  part  of  the  head  is  a 
little  darker  and  the  feet  and  mandibles  and  maxillae  are  brown. 
The  abdomen  is  long  and  slender  as  in  Cluhiona.  The  epigynum  is 
small  and  has  two  dark  round  depressions  just  in  front  of  the  fold, 
fig.  Id. 

The  male  is  smaller  and  more  slender.  The  male  palpi  are  very 
long  the  patella,  and  tibia  are  together  as  long  as  the  femur,  and  all 
are  as  long  as  the  femur  of  the  first  legs.  The  tibia  has  a  small 
process  on  the  outer  side,  fig.  7c.     The  tarsus  is  long  and  narrow, 
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and  the  palpal  organ  is  small  with  a  short  tube  near  the  distal  end, 
fig.  7c. 

These  spiders  live  under  stones  in  a  large  bag  of  silk  in  which  the 
female  stays  with  her  cocoon  of  eggs.  In  the  early  summer  a  male 
and  female  live  together  in  the  nest,  the  female  often  being  imma- 
tnre. 

White  Mountains,  N.  H.,  to  Connecticut. 

Diasstis  robnstus,  new  sp. 

Plate  IV,  fioures  8,  8a,  86,  8c. 

This  is  a  smaller  and  shorter  legged  species  than  the  preceding. 
PI.  IV,  fig.  8.  The  female  is  S^^  long.  The  colors  are  darker  and 
redder,  especially  toward  the  head.  The  sternum,  maxillae  and  man- 
dibles are  dark  brown.  The  head  is  as  wide  as  in  D.  saceatus^  and 
the  eyes  are  a  little  closer.  The  epigynum  is  large,  light  colored  in 
the  middle,  and  with  a  dark  ridge  each  side,  fig.  8a.  The  male  is 
much  smaller  than  the  female.  The  palpal  organs  and  tarsi  are  large 
and  round.  The  tarsus  is  short  and  has  a  short  curved  process  that 
extends  over  the  tarsus  on  the  upper  side,  fig.  8ft,  8c. 

Medford,  Mass.,  July. 

Clubiona  Latr. 

Cephalothorax  very  wide  in  front.  Front  row  of  eyes  straight,  or 
with  the  middle  pair  a  little  higher  than  the  lateral,  nearly  equal  in 
size  and  equidistant,  or  the  middle  a  little  larger  or  farther  apart 
than  they  are  from  the  lateral.  Upper  line  of  eyes  longer  and  slightly 
curved  with  the  middle  pair  highest,  the  eyes  all  larger  than  those  of 
the  front  row,  and  the  middle  pair  usually  farthest  apart.  Plate  v, 
fig.  8c.  Maxillae  long,  narrow  at  the  base,  and  much  widened  beyond 
the  insertion  of  the  palpi.  Fig.  10.  The  mandibles  are  stout  and 
convex  at  the  base  in  the  females.  In  the  males  the  mandibles  are 
more  slender,  longer  and  tapering  at  the  tips,  sometimes  with  sharp 
ridges  along  the  sides.  Legs  slender,  the  fourth  pair  longest.  Feet 
with  long  claws,  the  first  and  second  pairs  with  the  under  side  of 
tarsus  and  metatarsus  covered  thickly  with  hairs  widened  at  the  end. 
The  abdomen  is  truncated  in  front  and  tapering  behind.  The  colors 
are  always  pale  gray  and  drab,  usually  with  darker  brown  on  the 
head  around  the  eyes,  and  rarely  a  light  brown  or  gray  pattern  on  the 
back  of  the  abdomen.  The  body  is  covered  with  short  and  fine  hairs 
which  give  it  a  soft  silky  appearance  without  concealing  the  color  of 
the  skin. 
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Most  species  vary  greatly  in  size,  some  mature  individoals  bebg 
twice  as  large  as  others  of  the  same  age  and  sex.  They  live  on 
plants  in  summer,  and  in  winter  hide  under  bark  or  stones,  and  hiie 
at  all  seasons  flat  tubular  nests  of  silk. 

Clubiona  CrassipStlpis  Keyserling,  specimens  in  Mus.   Comp.  ZooU  Cm* 
bridge,  Mass. 

Plate  V,  FiGURfes  1,  la,  16. 

Male  8™"  long,  sometimes  smaller.  Cephalothorax  two-thirds » 
wide  as  long.  Male  mandibles  convex  in  front  for  two-thirds  thfir 
length,  with  a  low  ridge  along  the  inner  side  and  around  the  end  of 
the  convex  portion.  The  thin  keel  on  the  front  outer  edge  is  sharp 
but  short,  extending  only  a  little  over  the  convex  part. 

The  tibia  of  the  male  palpus  is  as  long  as  the  patella.  The  pro«»» 
on  the  outer  side  is  long  and  slender,  the  end  curved  inward  over  tfcf 
tarsus.     Plate  v,  figs.  1,  la,  1^. 

Abdomen  marked  with  brown  irregular  veins,  the  rest  of  the  hodj 
pale.     Head  a  little  darker  toward  the  front. 

Massachusetts,  Connecticut,  Albany,  N.  Y.,  Providence,  R  l,Mii 
in  N.  Pike's  Long  Island  collection. 

Clubiona  mixta,  new  sp. 

Plate  V,  houres  2a,  26. 

Resembles  C,  crassipcUpis  and  of  about  the  same  size.  The  mm 
dibles  of  the  male  are  similarly  shaped,  but  the  convexity  and  tbf 
internal  ridge  are  less  prominent.  The  male  palpi  are  a  little  mon 
slender  and  the  patella  proportionally'  longer.  The  process  of  t^ 
tibia  has  the  upper  tooth  nearer  the  hook  than  in  crasHpalpU,  mik- 
ing the  process  appear  wider  and  stouter,  fig.  2.  The  tarsus  is  a  littl* 
smaller  than  in  crassipalpis,     Plate  v,  figs.  2a,  2^. 

Salem  and  Marblehead,  Mass. 

Clubiona  tibialis,  new  sp. 

Plate  V,  piqures  3,  .la,  36. 
Male  G'S""  long,  another  6""  long.  The  male  mandibles  are  sfcc- 
der  and  tapering,  without  any  distinct  ridges  on  the  front.  The  mik 
palpi  are  short  and  the  tibia  and  tarsus  both  very  large.  The  tibb 
is  very  complicated  in  shape,  having  a  large  hook  on  the  outer  side,  * 
short  thick  process  on  the  inner  side,  and  a  thickened  edge  in  fn»^t 
that  meets  a  slight  elevation  on  the  back  of  the  tarsus.  The  tw»«s 
is  long  and  large,  and  so  is  the  palpal  organ.     Plate  v,  figs.  3,  Zn. 
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A  female,  apparently  of  this  species,  is  6™™  long.  The  front  legs 
are  shorter  than  in  the  male  ;  the  mandibles  are  stout  and  convex  in 
front  The  epigynum  is  large  with  a  deep  rounded  notch  in  the 
middle  and  a  slight  ridge  each  side.     Fig.  3^. 

Eastern  Massachusetts,  and  in  N.  Pike's  Long  Island  collection. 

Clubiona  canadensis,  new  sp. 

Platb  V,  nouRBS  4,  4a,  46,  4c. 

Hale  7°*°  long,  others  smaller.  Mandibles  tapering  and  rounded, 
without  ridges  on  the  upper  side.  Male  palpi  short,  tibia  shorter 
than  patella,  with  a  complicated  process  on  the  outer  side  ending  in  a 
long  sharp  point  with  a  round  notch  in  the  upper  edge.  Plate  v 
figs.  4,  4a.  The  tarsus  is  more  than  twice  as  long  as  wide,  bent 
downward  at  the  end.  The  palpal  organ  has  a  large  bulb  with  small 
appendages  at  the  end.     Fig.  4ft. 

Female  a  little  larger,  epigynum  with  only  two  depressed  spots 
just  in  front  of  the  transverse  fold.     Fig.  4c. 

Abdomen  dark,  with  brown  irregular  lines.  Cephalothorax  pale, 
not  darkened  toward  the  front.  • 

The  common  species  on  Mt.  Washington,  N.  H.,  from  the  Glen  to 
the  highest  trees,  under  stones  and  in  moss  ;  also  from  Montreal, 
Canada. 

Clubiona  minuta,  new  pp. 

Plate  V,  fiourbs  11,  11  a,  116. 

This  little  spider  is  about  ^^^  long  and  in  its  general  appearance 
resembles  a  pale  C,  rubra.  The  male  palpi,  however,  show  it  plainly 
to  be  a  different  species.  The  patella  is  longer  than  wide,  as  in 
rubra^  and  the  tibia  is  short  and  wide  at  the  end.  Its  appendage 
on  the  outer  side  is  very  simple,  appearing  from  above  like  a  thin 
spine  at  the  side  of  the  tarsus  and  not  overlapping  it.  PI.  v,  fig. 
11.  From  the  outer  side  it  is  seen  to  be  fiat,  wide  at  the  base,  and 
tapering  from  the  middle  to  a  blunt  point,  fig.  11a.  The  palpal 
>rgan  has  a  small  hook  on  the  inner  side,  fig.  11^,  very  different 
from  the  large  hook  of  C7.  rubra, 

Male  from  Readville,  Mass.,  June  15,  on  bushes. 

Clubiona  pusilla,  new  sp. 

Plate  V,  fiouhes  5,  5a,  56. 

One  male  6°*"  long,  another  only  4"*".     Head  nearly  as  wide  as 
the  thorax. 
Trass.  Conn.  Acad.,  Vol.  Till.  24  Jan.,  1890. 
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Front  row  of  eyes  half  as  long  as  the  head  is  wide,  the  era  of 
equal  size  and  equidistant;  upper  row,  longer  by  the  diameter  d 
the  lateral  eyes.  The  upper  eyes  are  larger  than  those  of  the  front 
row,  and  all  about  the  same  size,  the  middle  pair  a  little  fulber 
apart  than  they  are  from  the  lateral  eyes. 

Mandibles  with  a  thin  keel  on  the  front  outer  edge,  half  as  long  is 
the  mandible. 

Colors,  pale  on  the  legs  and  palpi;  cephalothorax  brownish  ydlov, 
darkest  in  front;  abdomen  covered  with  fine  brown  markings. 

Male  palpi  with  the  tibia  shorter  than  the  patella.  A  flat  wide 
process  on  the  outer  side,  PI.  v,  fig.  6a,  extends  forward  over  the 
tarsus.  The  bulb  of  the  palpal  organ  nearly  fills  the  under  side  of 
the  tarsus,  the  tube  is  short  and  curved  round  the  end  of  the  tanw 
so  as  to  point  backward  ;  over  the  base  of  the  tube  is  a  short  stost 
hook,  instead  of  a  large  hook  as  in  rubral  fig.  5. 

Salem  and  Beverly,  Mass. 

ClubiOUa  rubra  Eeyserling,  Bpedmeas  in  Mus.  Com  p.  Zool.,  Cambridge,  Iba 
Plate  V,  figubes  6,  6a,  66,  7,  7o,  76,  8,  8a»  86. 

This  is  one  of  several  closely  similar  species,  the  classifieatioo  of 
which  cannot  well  be  understood  without  comparing  large  nmnbere 
from  many  different  places.  Clubiona  ahhottii  L.  Koch,  is  this  ^ 
cies  or  very  close  to  it. 

Males  and  females  are  3  to  4*^™  long.  The  eyes  are  large  in  pio- 
portion  to  the  size  of  the  spider,  and  cover  the  whole  width  of  the 
front  of  the  head. 

The  color  after  keeping  in  alcohol  is  redder  than  in  most  species. 

The  epigynum  is  notched  at  the  hinder  edge,  the  depth  of  the 
notch  varying  in  different  individuals.     PI.  v,  figs.  6c,  7<^ 

The  male  palpi  have  the  patella  and  tibia  of  the  same  lenftk 
The  relative  length  of  these  joints  differs  in  the  allied  species.  Tk 
tibia  is  wider  than  long  and  has  a  large  appendage  on  the  outer  stde, 
divided  from  the  main  part  of  the  tibia  by  a  deep  notch  on  the 
under  side,  tigs.  6,  7,  8.  The  appendage  consists  of  two  parts,  fig*. 
6a,  7a,  8a,  the  under  one  longest  and  a  little  notched  at  the  «id. 
The  size  and  length  of  this  process  varies  in  different  individnak 
On  the  dorsal  side  of  the  tibia,  on  the  front  edge,  is  a  small  tootL, 
varying  in  size  in  different  spiders,  figs.  6,  7,  8.  The  palpal  orgac 
has  a  very  large  middle  process,  figs,  66,  76,  %b. 

White  Mountains,  N.  H.,  to  Connecticut. 
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Clubioxia  omata,  new  sp. 

Plate  V,  figubbs  9,  da. 

Female  8"*™  long.  The  abdomen  is  pointed  behind  and  more 
narrowed  in  front  than  in  most  species.  Both  abdomen  and  cepha- 
lothorax  are  less  flattened  than  in  most  species.  The  mandibles  of 
the  female  arc  not  very  stout  and  less  swelled  at  the  base  than  usual. 

This  is  one  of  the  few  species  with  a  colored  pattern  on  the  ab- 
domen. A  dark  stripe  runs  along  the  middle,  of  a  different  width  in 
different  individuals,  but  generally  narrow  and  tapering  bebind.  At 
the  sides  of  this  are  two  white  or  light  yellow  stripes  with  irregular 
edges,  and  beyond  this  the  brown  sides  of  the  abdomen.  PL  v,  fig. 
9.  The  body  is  pale  underneath.  The  epigynum  is  notched  at  the 
edge  of  the  transverse  fold,  fig.  9a. 

Mt.  Washington,  Dublin,  N.  H.,  and  Massachusetts. 

Clubiona  ezcepta  L.  Koch. 

Clubiona  paBens    Hentz. 

Plate  V,  figures  10,  10a,  106,  10c,  lOd. 

Female  7*""  long,  cephalothorax  S"*".  The  abdomen  is  not  usually 
much  larger  than  the  cephalothorax  and  unlike  most  species  has  a 
pattern  on  the  back  similar  to  that  of  Amaurobius  and  Tegenariay 
or  in  very  light  individuals  consisting  of  three  rows  of  gray  spots 
on  a  white  or  pale  yellow  ground.  PL  v,  fig.  10a.  The  cephalothorax 
and  legs  are  light  yellowish  brown,  darkest  on  the  head  and  mandi- 
bles. The  spinnerets  are  rather  long.  The  epigynum  has  two  round 
brown  spermathecse  that  show  through  the  skin,  close  together  just 
in  front  of  the  transverse  fold.  In  front  of  these  are  two  oblique 
openings  directed  forward  and  inward. 

The  males  are  not  much  smaller  than  the  females.  The  male 
palpi  are  slender,  the  tibia  only  a  little  longer  than  the  patella,  and 
the  tarsus  nearly  as  long  as  both  together.  The  tarsus  is  oval,  about 
half  as  wide  as  long,  and  rounded  on  the  upper  side.  The  papal 
organ  is  narrow  and  covered  by  the  tarsus.  On .  the  inner  side  is  a 
thin  appendage,  the  free  edge  of  which  lies  along  the  middle  line 
and  covers  the  long  straight  tube.  On  the  outer  side  near  the  end 
of  the  tube  is  a  straight  process  directed  forward,  and  at  its  base  a 
hook  directed  backward,  fig.  10c.  At  the  end  of  the  tibia  on  the 
outer  side  is  a  short  flat  process  with  a  small  curved  tooth  on  the 
upper  corner,  fig.  1 05. 

Massachusetts,  Connecticut,  and  in  N.  Pike's  Long  Island  collec- 
tion.    Under  stones  and  leaves,  sometimes  in  white  cocoons. 
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Chiracanthium  c.  Koch. 
Chiracanthium  viiide,  new  sp. 

Plate  V,  figures  12,  12a,  126,  \2d. 

Female  8""  long,  oephalothorax  3"".  Cephalothorax  three-fourths 
as  wide  in  front  as  at  the  widest  part,  fig.  12a.  Eyes  spreading  over 
nearly  the  whole  width  of  the  head;  the  lateral  eyes  close  together; 
the  upper  row  a  little  longer  than  the  front  row,  eyes  in  both  rows 
at  equal  distances  apart.  Abdomen  widest  in  the  middle,  tapering 
behind.  First  pair  of  legs  a  third  longer  than  the  fourth.  Sternum 
widest  just  behind  the  first  pair  of  legs  and  tapering  to  a  point 
between  the  fourth  coxae.  The  mandibles  and  maxillae  are  dark 
brown.  The  rest  of  the  body  is  pale  yellow,  the  cephalothorax  a 
little  darker  than  the  rest,  and  a  gray  stripe  covers  the  middle  of 
the  front  of  the  abdomen.  The  epigynum  has  a  large  oval  opening 
covered  by  a  hard  dark  brown  lump.     PI.  v,  fig.  \2d. 

In  the  male  the  mandibles  and  legs  are  longer  and  the  difference 
in  length  between  the  first  and  fourth  legs  is  greater.  The  palpi 
are  as  long  as  the  second  femur.  The  tibia  is  twice  as  long  as  the 
patella,  and  has  on  the  outer  side  a  thin  black  process,  a  little  carved 
toward  the  tarsus,  and  on  the  upper  side  a  thick  blunt  process  ex- 
tending a  little  way  over  the  back  of  the  tarsus.  Between  the  two 
processes  of  the  tibia  a  sharp  process  of  the  tarsus  extends  backward, 
a  little  curved  down  at  the  end,  figs.  12a,  12^. 

Female,  Dedham,  Mass.,  July  26.     Male,  Saugus,  Mass.,  June  12. 

Trachelas  L.  Koch. 
Trachelas  ruber  Keyseriing. 

Plate  V,  figubes  13,  13a,  13c,  13d. 

Female  lO™"™  long,  cephalothorax  4'"'"  long  and  3"*"  wide.  The 
cephalothorax  is  widest  in  the  middle  opposite  the  second  pair  of 
legs  and  narrows  to  2™™  at  the  hinder  end,  the  sides  of  the  hinder 
half  being  nearly  straight.  The  head  is  very  wide  and  high,  the 
highest  part  half  way  between  the  eyes  and  the  dorsal  groove. 

The  eyes  are  all  about  the  same  size  and  far  apart.  The  front 
row  is  nearly  straight,  the  middle  eyes  a  little  higher  than  the 
lateral,  this  row  is  half  as  long  as  the  head  is  wide.  The  hinder 
row  is  much  longer,  the  middle  eyes  are  about  as  far  from  the  front 
middle  pair  as  they  are  from  each  other,  the  lateral  eyes  are  about 
the  same  distance  from  the  middle  ones,  but  much  farther  back  on 
the  head,  figure  13.     The  mandibles  and  maxillae  are  large  and  resem- 
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ble  those  of  Clubiona,  The  abdomen  is  oval  and  very  regular  in 
shape.  PL  v,  fig.  13.  The  cephalothorax  is  very  thick  and  hard, 
and  dark  brown.  The  abdomen  is  light  yellow  with  no  markings, 
except  four  small  brown  spots  near  the  middle,  and  a  gray  streak 
over  the  dorsal  vessel.  The  hairs  are  very  short  and  scattered  so 
that  the  skin  appears  soft  and  smooth. 

The  Jlrst  pair  of  legs  is  a  little  the  longest  instead  of  the  fourth 
pair,  as  in  the  European  species,  and  both  the  first  and  second  pairs 
are  much  stouter  than  the  third  and  fourth.  The  palpi  are  slender, 
the  tarsal  joint  thickened  at  the  tip.  The  legs  are  darker  from  back 
to  front,  the  front  pair  reddish  brown,  not  so  dark  as  the  cephalo- 
thorax, and  the  hind  pair  is  yellow.  The  epigynnm  has  two  dark 
hrown  round  depressions  close  together. 

Pale  individuals  are  sometimes  found  with  all  the  legs  yellowish 
white,  cephalothorax  light  brown  with  white  eyes,  and  the  abdomen 
light  gray. 

The  males  are  smaller  than  the  females,  sometimes  not  more  than 
half  as  large.  The  tibia  of  the  palpus  is  shorter  than  the  patella, 
and  has  a  short  hook  on  the  outer  side.  The  tarsus  is  small  and  the 
bulb  of  the  palpal  organ  is  so  large  that  it  extends  beyond  the  tar- 
sus on  both  sides.  The  bulb  is  round  and  has  a  distinct  tube  which 
rests  in  a  groove  of  the  end  of  the  tarsus,  figs.  13c,  13c?, 

Under  stones  and  leaves  and  sometimes  on  fences  in  autumn.  In 
general  appearance  and  color  it  resembles  Dysdera,  Massachusetts 
and  Connecticut,  and  in  N.  Pike's  Long  Island  collection. 

Aliyphaena  Sundevaii. 

Plate  VI,  figures  I,  la. 

Cephalothorax  highest  behind.  Eyes  of  the  front  row  equal  in 
size  and  equidistant,  the  lateral  eyes  a  little  the  highest.  Upper  row 
of  eyes  longer  than  the  front  row,  the  middle  eyes  highest,  all  of  the 
^ame  size  and  larger  than  those  of  the  front  row  and  at  equal  dis- 
tances apart.  Abdomen  widest  in  the  middle  and  a  little  pointed 
behind. 

Maxillse  long  and  widened  at  the  tips  but  not  so  much  widened  as 
n  Clubiona. 

The  opening  of  the  trache®  is  farther  forward  than  in  other 
genera,  in  some  species  approaching  nearly  to  the  epigynum.  PI. 
ri,  fig.  la. 

The  colors  are  pale.     The  male  palpi  are  large  and  complicated. 
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AnyphsBiia  rubra,  new  sp. 

Platk  VT,  figures  1,  la,  16. 

Female  8  or  9™™  long,  cephalothorax  3"".  Abdomen  half  longer 
than  the  cephalothorax  and  about  as  wide,  tapering  backward  from 
the  middle  to  the  spinnerets,  PI.  vi,  fig.  1.  The  cephalothorax  and 
legs  are  pale  yellowish  brown.  The  cephalothorax  has  two  darker 
longitudinal  bands.  The  abdomen  is  white  or  light  yellow  with  two 
stripes  made  up  of  brown  or  red  spots.  The  mandibles  are  dark 
brown.     This  is  the  largest  and  stoutest  species. 

The  epigynum  has  two  large  curved  openings,  turned  toward  each 
other,  between  which  is  a  long  depression  widened  at  the  front  end. 
The  long  spermathecaB  show  through  the  skin  just  behind  the  open- 
ings, fig.  1  h,    I  have  not  seen  the  adult  male. 

Massachusetts  and  Connecticut,  and  in  N.  Pike's  Long  Island  col- 
lection.    On  plants  and  under  stones. 

AnyphSBIia  incerta  Keys.,  specimeDB  in  Mus.  Comp.  Zool.,  Cambridge,  Mass. 
Plate  VI,  pigurbs  2,  2o,  26,  2c,  2d. 

Female  6""  long,  cephalothorax  2'"'".  The  cephalothorax  is  about 
a  quarter  longer  than  wide,  rounded  at  the  sides,  and  highest  in  the 
middle.  The  front  of  the  head  is  very  low,  so  that  the  front  eyes  are 
not  their  diameter  from  the  base  of  the  mandibles.  The  front  row 
of  eyes  is  nearly  straight.  The  upper  row  is  longer  and  more 
curved,  with  the  middle  eyes  highest,  and  the  eyes  of  this  row  are 
all  larger  than  those  of  the  front  row.  The  abdomen  is  large  in  the 
female,  as  in  all  the  species  of  this  genus^  widest  just  behind  the 
middle  and  a  little  pointed  behind,  PI.  vi,  fig.  2. 

The  color  is  light  brownish  yellow  with  gray  markings.  The 
cephalothorax  has  two  indistinct  longitudinal  stripes  and  a  fine  black 
line  over  the  legs  on  each  side.  On  the  abdomen  are  two  rows  of 
faint  spots  and  oblique  lines.  The  legs  have  a  few  faint  markings 
across  the  joints. 

The  maxillae  are  straight  at  the  sides  and  rounded  at  the  ends  on 
the  inner  side.  The  labium  is  small  and  not  half  as  long  as  the 
maxillse. 

The  epigynum  has  a  large  dark  brown  process  in  the  middle  at 
the  front  end,  fig.  2d. 

The  tibia  of  the  male  palpus  has  a  large  double  process  on  the 
outer  side,  the  upper  branch  of  which  is  pointed,  and  the  lower  blunt 
with  a  rounded  tooth  on  the  upper  side,  figs.  2a,  2ft,  2c. 

Under  leaves  in  winter,  Salem  and  Swampscott,  Mass. 
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AnyphsBiia  oalcaratai  new  sp. 

Plate  VF,  figures  3,  3a,  36,  3c,  3rf. 

The  same  size  as  A.  incertay  but  lighter  colored  and  with  longer  legs 
and  longer  spines.  The  front  legs  are  longer  than  the  fourth  in  both 
sexes.  The  markings  are  the  same  as  in  the  other  species  and  the 
spots  on. the  front  of  the  abdomen  are  more  distinct  than  in  the 
others. 

The  epigynum  has  a  thin  edge  extending  backward  a  little  over 
the  transverse  fold  and  reaching  from  one  respiratory  opening  to  the 
other.  In  the  middle  is  a  small  hole  with  a  short  tooth-like  ridge 
directed  backward  on  each  side.     PL  vi,  fig.  3(/. 

The  male  palpi  have  the  outer  half  of  the  femur  twice  as  thick  as 
the  base  with  a  few  large  spines  on  the  upper  side  near  the  end. 
The  patella  is  as  wide  as  long  and  shorter  than  the  tibia.  The 
appendage  on  the  outer  side  of  the  tibia  is  very  small  and  does  not 
extend  forward  beyond  the  base  of  the  tarsus,  fig.  3ft,  3c  ;  near  the 
base  of  the  tibia  on  the  under  side  is  a  blunt  tooth,  fig.  3a,  3c.  The 
tarsus  resembles  that  of  A,  incerta.  The  palpal  organ  has  the 
middle  process  very  stout  and  curved  inward  at  the  end,  fig.  3a. 

The  coxse  of  the  fourth  pair  of  legs  have  on  the  under  side  a  small 
pointed  process  directed  outward.  The  coxae  of  the  third  pair  have 
on  the  under  side  a  curved  process  directed  inward  with  a  short 
tooth  on  the  hinder  side  near  the  middle,  and  in  front  of  this  a  short 
blunt  tooth  directed  backward,  fig.  3. 

West  Haven,  Conn.,  July,  on  plants,  and  in  N.  Pike's  Long  Island 
collection.  * 

Anyphaena  saltabonda. 

CkUnona  saUahunda  Hentz. 

Plate  Vf,  figures  4,  4o,  45,  4  c,  4d. 

This  is  a  very  long-legged  and  slender  species.  The  female  is  4""^ 
long,  the  abdomen  but  little  longer  than  the  cephalothorax.  The 
front  leg  is  lO"*""  long,  fourth  leg  7""".  The  palpi  are  slender  and  as 
long  as  the  femora  of  the  first  legs.  The  whole  body  is  white  with 
two  broken  gray  bands  on  the  cephalothorax  and  two  rows  of  gray 
spots  on  the  abdomen. 

The  male  is  about  as  large  as  the  female.  The  male  palpi  are  long, 
the  tibia  of  very  complicated  shape.  It  is  curved  outward  and  has 
near  the  base  on  the  outer  side  a  long,  thin  forked  process  PI.  vi, 
fig.  4.     The  tarsus  is  of  the  usual  shape.     The  palpal  organ  has  a 
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short  slender  tube  resting  against  the  tip  of  the  tarsus.  Behind  the 
tube  is  a  thin  hooked  process,  and  on  the  inner  side  a  long  process 
with  small  black  teeth  at  the  end,  fig.  4,  4a,  4^,  4c. 

The  epigynum  has  a  long  transverse  opening  a  little  in  front  of 
the  fold,  fig.  4e?. 

Massachusetts,  and  Meriden,  Conn. 


PhrurolithUS  Koch  aod  Westring. 

Micariosoma  Simon. 

Small  spiders  sometimes  with  bright  markings  and  iridescent 
scales.  The  legs  of  the  first  and  second  pairs  have  a  double  row  of 
strong  spines  under  the  tibia  and  metatarsus.  PI.  vi,  fig.  5ft.  The 
maxillffi  are  short  and  wide.  The  palpi  of  the  males  are  very  large 
compared  with  the  size  of  the  spider,  and  have  a  long  stout  process 
on  the  outer  side  of  the  tibia.  The  arrangement  of  the  eyes  and  the 
pattern  of  the  dorsal  markings  resemble  those  of  Agroeca. 

PhrurolithUS  pugnatus,  new  sp. 

Plate  VI,  FiarRES  6,  6a,  66,  6c. 

2""  to  3™"  long.  Cephalothorax  round,  narrowed  at  the  head  as 
in  cUariua.  Abdomen  usually  shorter  and  rounder  than  in  alarius. 
PI.  VI,  fig.  6.  Cephalothorax  and  legs  bright  yellowish  brown. 
Abdomen  dark  brown  with  transverse  light  markings  which  vary  in 
different  individuals.  Light  yellowisl^  beneath,  except  around  the 
spinnerets  and  epigynum. 

Epigynum  with  two  oblique  openings  at  the  front  end  farthest 
from  the  transverse  fold.  Parts  of  the  palpal  organ  are  sometimes 
found  in  the  openings  of  the  epigynum,  fig.  66. 

The  male  palpi  are  large  in  proportion  to  the  size  of  the  spider. 
The  femur  has  a  short  process  near  the  base  on  the  inner  side.  The 
patella  is  as  short  as  wide,  but  the  tibia  is  nearly  as  large  as  the 
tarsus  and  wider  at  the  distal  end.  On  its  inner  side  is  a  long  stout 
tooth  projecting  forward,  and  on  the  outer  side  a  longer  curved  one 
as  in  P.  alarius.  The  tibia  is  oval  and  the  palpal  organ  short  and 
round,  not  extending  backward  at  the  base  as  in  aZariua^  figs.  6a,  6ft. 

Herpyllus  parens  Hentz  resembles  this  species. 

Massachusetts  and  Connecticut. 


AgalenidcB  and  DysderidcB.  1 89 

PhroTolithns  alarins. 

Herpyttus  alarius  Heotz. 

Plate  VI,  fiodrbs  5,  5a.  56,  5d,  6/,  5^,  5h, 
Full  grown  female  4""  long,  cephalothorax  LS""".  PL  vi,  fig.  6. 
The  cephalothorax  is  nearly  as  wide  as  long,  roanded  at  the  sides. 
The  head  is  about  half  as  wide  as  the  thorax  and  the  eyes  are  close 
together  and  all  about  the  same  distance  apart,  fig.  5a.  The  middle 
eyes  of  the  upper  row  are  oval  and  turned  obliquely,  nearest  together 
towards  the  front. 

The  abdomen  is  oval,  widest  behind,  and  a  little  flattened  on  top. 
The  legs  are  long  and  slender,  except  the  tibiae  and  metatarsi  of  the 
first  and  second  pairs  which  are  twice  as  thick  as  the  same  joints  of 
the  other  legs,  fig.  5.  The  legs  are  light  yellow  or  white  with  gray 
hairs,  except  the  tibia  and  patella  of  the  first  pair,  which  are  black 
or  dark  gray  with  the  tip  of  the  tibia  white.  The  tibia  and  patella 
of  the  second  pair  are  marked  with  lighter  gray  in  the  same  way. 
The  tibia  and  metatarsus  of  the  first  and  second  pairs  have  two  rows 
of  strong  black  spines  on  the  under  side,  fig.  6b, 

The  cephalothorax  is  light  yellowish  with  a  black  edge  each  side 
and  a  few  irregular  radiating  gray  marks  forming  two  indistinct 
longitudinal  stripes.  The  abdomen  is  gray  with  transverse  white 
markings  which  vary  greatly  in  shape  and  size  in  different  individuals, 
figs.  5,  5a,  The  abdomen  is  covered  with  flat  branched  hairs  that 
are  iridescent,  changing  from  light  grayish-green  to  pink  with  the 
motions  of  the  spider,  fig.  5d,  The  under  side  of  the  body  is  pale 
with  a  dark  mark  in  front  of  the  spinnerets,  and  in  some  individuals 
a  few  irregular  marks  along  the  sides. 

The  male  palpi  are  large.  The  femur  is  thickened  on  the  under 
side  near  the  outer  end,  forming  a  short  black  process  covered  with 
short  stiff  hairs.  The  patella  and  tibia  are  both  short.  The  tibia 
has  on  the  outer  side  a  long  process  slightly  curved  downwai'd  that 
extends  along  the  side  of  the  tarsus  for  half  its  length,  fig.  5^.  The 
palpal  organ  is  so  long  that  its  base  extends  over  the  end  of  the 
tarsus,  fig.  5f. 

The  epigynum  has  two  large  openings  turned  toward  the  sides  a 
little  in  front  of  the  transverse  fold,  fig.  5k. 

It  lives  on  and  under  stones  in  dry  open  ground  and  runs  with 
great  swiftness  short  distances  at  a  time.  When  still  it  lies  close  to 
the  stone  with  the  tibiae  drawn  up  over  the  back,  as  in  fig.  6,  the 
thickened  and  colored  legs  of  the  first  pair  are  then  the  parts  of  the 
spider  most  easily  seen. 
Massachusetts  and  Connecticut. 
Tbamb..  Cokn.  Acad.,  Vol.  VIII.  26  Jan.,  1890. 
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AgrCBCa  Westring. 

Agroeca  pratensis,  new  sp. 

Plate  VT,  piqubrs  7,  7a,  7&,  7c,  Id,  7e. 

Female  7™°*  long,  cephalothorax  3'"'°.  The  cephalothorax  is  widest 
and  highest  behind  the  middle,  the  head  a  little  more  than  half  as 
wide  as  the  thorax.  The  abdomen  is  widest  across  the  hinder  third 
and  not  much  pointed  behind.  PI.  vi,  fig  7.  The  front  row  of  eyes 
are  close  together,  the  middle  ones  half  their  diameter  highest.  The 
upper  eyes  are  a  little  larger  and  about  their  diameter  apart,  the  mid- 
dle pair  much  the  highest,  fig.  7. 

The  mandibles  are  very  convex  in  front  and  flat  at  the  sides.  The 
mazillaB  are  straight  on  both  sides  and  a  little  rounded  on  the  inner 
corners.  The  labium  is  half  as  long  as  the  maxillae  and  as  wide  as 
long.  The  sternum  is  large  and  as  wide  as  long,  fig.  7a.  The  legs 
are  stout,  the  fourth  pair  longest.  Under  each  metatarsus  are  three 
pairs  of  slender  spines,  under  the  first  and  second  tibiae  two  pairs,  and 
under  the  third  and  fourth  tibiae  three  pairs.  The  cephalothorax, 
legs,  and  mouth  parts  are  light  brownish  yellow.  The  cephalothorax 
has  a  fine  dark  edge  on  each  side  and  a  row  of  radiating  dark  lines 
each  side  forming  two  broken  dark  longitudinal  bands.  The  abdo- 
men has  two  rows  of  gray  oblique  markings  on  a  light  ground,  fig  7. 
Epigynum  with  a  long  brown  piece  in  the  middle,  fig  7«. 

Male  about  the  same  size  with  the  abdomen  a  little  smaller.  The 
male  palpi  are  large  and  stout.  The  patella  and  tibiae  are  the  same 
length,  the  latter  a  little  bent  and  with  a  short  pointed  spine  on  the 
outer  side.  The  tarsus  and  palpal  organ  are  short  and  wide.  The 
palpal  organ  has  a  short  blunt  process  on  the  outer  side  that  projects 
over  the  edge  of  the  tarsus,  figs,  lb,  7c,  Id. 

This  spider  lives  under  leaves  and  in  short  grass  and  resembles  a 
Lycosa  in  its  gait  and  general  appearance,  and  also  the  common 
AnyphcBTia  incerta. 

Eastern  Massachusetts ;  Providence,  Rhode  I. ;  Albany,  New  York. 

AgalenidsB. 

The  Agalenidm  have  the  cephalothorax  longer  than  wide,  with  the 
cephalic  part  higher  than  the  thoracic,  and  distinctly  separated  from 
it  by  grooves  or  marks  at  the  sides.  The  head  is  usually  higher 
than  in  the  Drassidm  and  the  body  less  flattened.  The  upper  spinner- 
ets are  two  jointed,  the  terminal  joint  pointed  and  provided  with 
spinning  tubes  along  the  inner  side.     In  most  species  these  are  longer 
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than  the  other  spinnerets.  The  feet  have  three  claws.  The  Agalen- 
idm  make  large  flat  or  irregular  webs  with  a  tube  or  hiding  place  at 
one  side  from  wliich  they  run  out  and  seize  the  insects  that  alight  on 
the  web.  The  AgcUenidcB  run  on  the  upper  side  of  the  web  with  their 
back  upward,  while  lAnyphiay  which  makes  similar  flat  webs,  runs  on 
the  under  surface,  back  downwards. 

CCBloteS  BlackwalL 

The  difference  between  Coelotes  and  Tegenaria  is  not  a  very  dis- 
tinct one.  I  have  placed  in  Ceelotes  those  stouter  and  shorter  legged 
e^pecies  with  the  mandibles  prominent  in  front,  and  in  which  the  palpi 
of  the  males  have  processes  on  both  patella  and  tibia. 

The  eyes  are  in  two  rows,  nearly  straight,  and  differ  but  little  in 
size  and  distance  apart.  The  mandibles  are  stout  and  convex.  The 
maxillas  are  wide  at  the  ends,  rounded  on  the  outer  corners,  and 
obliquely  truncated  on  the  inner.  The  labium  is  about  half  as  long 
as  the  maxillse,  a  little  narrowed  and  truncated  at  the  tip.  The 
colors  are  dark  gray  and  brown. 

Ceelotes  xnedicinalis. 

Tegmaria  medicinaUs  Uentz. 

Plate  VII,  nouRBS  la,  \h. 

Female  12°""  long;  cephalothorax  6""",  fourth  leg  16"°'.  Front 
row  of  eyes  straight,  the  middle  eyes  largest,  eyes  of  upper  row  all 
of  the  same  size  -and  about  equal  distances  apart,  the  middle  eyes 
highest.  The  lateral  eyes  of  both  rows  are  close  together,  those  of 
the  upper  row  farthest  toward  the  sides.  Head  high  and  wide,  dis- 
tinctly separated  from  the  thorax  by  grooves  each  side.  Abdomen 
oval,  widest  behind.     Legs  moderately  stout. 

Cephalothorax  yellowish  brown,  darkest  in  front,  marked  with 
radiating  gray  lines  forming  two  longitudinal  dark  bands.  Abdo- 
men gray  with  irregular  pale  spots.  A  double  row  of  oblique  pale 
spots  in  the  middle,  in  most  specimens  broken  and  irregular,  iig.  1. 
The  legs  are  light  yellowish  brown  with  light  indistinct  gray  rings. 

The  spinnerets  are  short. 

The  epigynum  has  a  large  piece  in  the  middle  with  a  branch  each 
side  that  extends  outward  and  forward  ending  in  a  point.  In  front 
are  two  small  rounded  teeth  directed  inward.     PL  vii,  fig.  la. 

Male  palpus  short,  with  a  large  and  wide  tarsus.  The  patella  and 
tibia  are  both  short  and  of  about  the  same  length.     The  outer  pro- 
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cess  of  the  patella  is  half  as  long  as  the  patella  and  blunt  and  crooked 
at  the  end.  The  tibia  has  on  the  upper  side  a  short  pointed  proeesi 
near  the  base  and  a  blunt  one  near  the- end  on  the  outer  aide,  bocli 
concealed  by  a  curved  ridge.  On  the  under  side  of  the  tibia  b  a 
process  directed  forward.  The  tube  of  the  palpal  organ  is  slaider 
and  supported  at  the  end  by  two  large  processes,  fig.  1^. 

Chateaugay  Lake,  Adirondacks,  N.  Y.,  from  F.  A.  Bowditch,  1878 ; 
Swampscott,  Mass.,  May  8. 

Coelotes  longitaxsns,  new  sp. 

Plate  VI  F,  fiouees  2,  2a. 

Male  7°»°  ;  cephalothorax  3'5™".  Head  wide  and  high,  higbett 
half  way  between  the  eyes  and  the  dorsal  groove.  First  leg  almoct 
as  long  as  the  fourth.  Legs  stout  Abdomen  oval,  the  hinder  hilf 
a  little  the  wider.  Cephalothorax  and  legs  yellowish  brown,  a  few 
radiating  darker  lines  on  the  thorax,  and  the  front  of  the  head  a  little 
darker.  Legs  darker  toward  the  tips.  Abdomen  dark  gr^y  with  a 
median  lighter  stripe  in  front  and  a  double  row  of  lighter  oblique 
marks  on  the  hinder  half,  much  as  in  medicincUis. 

The  patella  and  tibia  of  the  male  palpi  are  both  as  short  as  wide. 
The  patella  has  a  long  tooth,  widest  and  truncated  at  the  tip,  directed 
forward  on  the  outer  side«  The  tarsus  is  widest  at  the  base  and 
pointed  at  the  tip.  At  the  base  on  the  outer  side  it  has  a  stoat 
process  extending  backward  and  inward  as  far  as  the  patella.  I^te 
VII,  fig.  2. 

A  small  female  found  at  the  same  time  and  probably  the  same 
species  has  a  small,  simple  oval  opening  at  the  posterior  part  of  the 
epigynum.     Fig.  2a, 

Mt.  Carmel,  Conn. 

Coelotes  montanns,  uew  sp. 

Plate  VII,  figures  3,  3a. 

12'"*"  long  ;  cephalothorax  6™™  ;  4th  leg  of  female  18"",  4th  leg  of 
male  20'""'. 

Epigynum  with  the  holes  open,  and  oblique  turned  nearly  fonrari 
Plate  VII,  fig,  3. 

Male  palpus  with  short  patella  and  tibia,  the  tibia  shortest.  The 
patella  has  a  short  conical,  black  spine  on  the  outer  side  near  tht 
end,  directed  forward,  under  this  is  a  smaller  spine.  On  the  oBt*r 
side  of  the  tibia,  which  is  shorter  than  the  inner  side,  is  a  short 
process  turned  forward  a  little  at  the  tip.     Fig.  3a. 
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The  colors  and  markings  are  like  those  of  the  two  preceding 
species.  The  legs,  especially  of  the  male,  are  a  little  longer  in  pro- 
portion to  the  size  of  the  body. 

Chateaugay  Lake,  Adirondacks,  N.  Y.,  from  F.  A.  Bowditch.  A 
small  male  from  New  Haven,  Conn.,  is  apparently  of  this  species. 
Its  palpi  differ  slightly  from  those  of  the  Adirondack  males  as  shown 
in  figs.  4,  4a. 

CoBlotes  hybridns,  new  sp. 

Plate  VII,  piqubes  4,  4a. 

Thb  species  is  only  distinguished  from  C,  longitarsus  by  small 
differences  in  the  shape  of  the  male  palpi.  The  spur  at  the  base  of 
the  tarsus  ia  very  short  and  extends  backward  to  a  short  process  on 
the  middle  of  the  tibia.  The  posterior  inner  corner  of  the  tarsus  is 
differently  shaped  from  this  part  in  longitarsuSy  having  a  deep  notch 
shown  in  figs.  4,  4a.  The  tibia  is  a  little  longer  than  that  of 
longitaraus  and  shaped  much  like  that  of  medicinalis.  The  patella 
resembles  that  of  longitarsus.  In  size,  markings,  and  colors  this  is 
hke  both  medicinalis  and  longitarsits.  The  palpal  organ  is  almost 
exactly  like  that  of  longitarstis. 

One  male  from  Chateaugay  Lake,  Adirondacks,  N.  Y.,  from  F.  A. 
Bowditch. 

Tegenaria  Latr. 

These  spiders  differ  from  Coehtes  in  having  the  legs  longer  and 
more  slender  and  the  abdomen  generally  rounder  and  shorter.  The 
mandibles  are  less  convex  in  front,  the  palpi  of  the  males  have  no 
processes  on  the  patella,  and  the  palpal  organ  is  proportionally  smaller 
than  in  Ccelotes. 

Tegenaria  derhamii  Scopoii,  1763;  Thoreii,  i873. 

Tegenaria  civiHs  Blade  wall,  1861. 
Tegenaria  domeslica  Simon,  1876. 

Plate  VII,  fiodrbs  6,  6a,  65,  6c. 
Thb  is  a  house  spider  found  all  over  the  world.  Female  10"°» 
long ;  cephalothorax  5™"*.  Plate  vii,  fig.  6.  The  legs  are  long  and 
tapering,  4th  leg  18™"*  long.  Tarsi  and  metatarsi  slender.  The  head 
is  high  and  wider  in  front  than  it  is  opposite  the  first  pair  of  legs. 
The  abdomen  is  short,  only  a  little  longer  than  the  cephalothorax. 
The  front  row  of  eyes  is  straight,  the  middle  ones  smallest.  Upper 
row  longer,  lateral  eyes  close  to  those  of  the  front  row,  the  middle 
ones  much  higher,  fig.  6. 
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Cephalotborax  and  legs  light  yellowish  brown,  the  legs  with  some 
indistinct  gray  rings.  Abdomen  pale  with  gray  markings  which  are 
usually  plainest  on  the  hinder  half.  The  upper  spinnerets  are  twice 
as  long  as  the  lower  and  the  terminal  joint  is  nearly  as  long  as  the 
basal. 

Epigynum  with  small  oblique  openings  at  the  sides.     Fig.  6c. 

The  male  palpi  have  the  patella  and  tibia  long  and  both  about  the 
same  length.  The  tibia  has  on  the  outer  side,  about  one-fourth  its 
length  from  the  end,  a  short  blunt  process,  fig.  6a,  under  this  is  a 
shorter  process  lighter  colored  and  directed  forward,  fig.  6b.  The 
tarsus  is  slender  and  pointed  and  the  appendages  of  the  palpal  organ 
are  small.     Figs.  6a,  6b. 

Tegenaria  brevis,  uew  sp. 

Plate  VII,  pigcbes  5,  5a,  56,  5c. 

A  small  species,  6  to  6™™  long.  Cephalotborax  two-thirds  as  wide 
as  long.  Abdomen  short  and  widest  behind.  The  mandibles  are 
small  and  but  little  convex  in  front.  The  cephalotborax  and  legs  are 
pale  yellowish  brown  with  black  hairs,  the  legs  and  palpi  are  lightest 
at  the  base  and  darker  toward  the  ends.  The  spines  are  very  long 
and  slender.  The  abdomen  is  in  some  individuals  pale  with  dark 
hairs  ;  in  others  there  is  a  gray  herring-bone  marking,  and  gray 
marks  along  the  sides. 

The  male  palpi  are  slender  and  without  any  appendages  on  the 
patella.  The  tibia  has  a  short  stout  tooth  on  the  outer  side  a  little 
behind  the  end.  The  tarsus  is  small  and  pointed.  The  palpal  organ 
is  round  and  too  large  to  be  covered  by  the  tarsus.  Plate  vii,  fig.  5. 
The  head  of  the  male  is  narrower  than  that  of  the  female,  and  the 
thorax  wider,  figs.  5ft,  5c. 

The  epigynum  appears  to  the  naked  eye  like  two  parallel  dark 
brown  marks.  It  has  a  large  posterior  opening,  widest  behind,  and 
partly  divided  into  two  at  the  front  edge,  fig.  6a. 

The  short  round  abdomen  and  gray  markings  make  this  spider 
resemble  Steatoda  marmorata. 

Mt.  Washington.  N.  H. ;  Massachusetts  ;  New  Haven,  Conn. 

Cicnrina  Menge,  1871.  Simon,  1875. 
This  genus  differs  but  little  from  Ccelotea  except  in  the  palpi  of 
the  males  which  have  the  patella  without  processes,  the  tarsus  long 
and  narrow,  and  the  tibia  short  with  a  large  appendage  on  the  outer 
side.  The  tube  of  the  palpal  organ  is  long  and  supported  in  various 
complicated  ways. 
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Cictirina  complicata,  now  sp. 

Plate  VII,  fioubbs  1,  7a,  7ft. 

This  is  a  small,  stout  species,  the  largest  individuals  measuring 
7"""  in  length,  and  the  cephalothorax  3"°*.  The  cephalothorax,  legs, 
and  palpi  are  uniform  yellowish  brown.  The  abdomen  is  pale  with 
scattered  gray  markings  both  above  and  below,  in  some  individuals 
forming  an  indistinct  herring-bone  pattern  on  the  dorsal  side.  The 
sternum  is  as  wide  as  long  and  nearly  as  wide  in  front  as  in  the  mid- 
dle. The  mandibles  are  stout,  and  in  the  females  very  convex  in 
front.    In  the  males  the  head  is  narrower  and  the  mandibles  smaller. 

The  palpi  of  the  males  have  the  patella  simple  and  about  as  long 
as  wide.  The  tibia  has  a  short  tooth  near  the  base  on  the  outer  side, 
the  middle  part  is  turned  inward,  and  on  the  outer  side  at  the  end  is 
a  large  flat  and  crooked  appendage  that  in  its  natural  position 
appears  to  be  part  of  the  palpal  organ.  Plate  vii,  fig.  7.  In  fig.  la 
the  process  is  shown  from  the  side  partly  turned  away  from  the  pal- 
pal organ.  The  tarsus  is  long  and  narrow  and  rounded  at  the  tip, 
^^.  7b.  The  tube  of  the  palpal  organ  is  very  long,  beginning  at  the 
base  of  the  tarsus  it  runs  along  the  inner  side,  around  the  tip,  where 
it  is  supported  by  the  edge  of  a  flattened  appendage,  and  backward 
along  the  outer  side,  the  end  being  under  the  flat  tibial  process. 

The  epigynum  has  a  simple  oval  opening  behind,  and  the  tubes 
show  through  the  skin  in  light-colored  individuals. 

Blue  hill,  Milton,  Mass.,  and  Salem,  Mass.,  under  leaves,  in  winter. 

Hahnia  Koch. 

Upper  eyes  all  about  the  same  size,  the  middle  pair  highest  and 
farthest  back  and  farther  from  each  other  than  they  are  from  the 
lateral  eyes.  Front  eyes  nearer  together,  the  middle  ones  highest. 
The  lateral  eyes  of  both  rows  close  together. 

The  spinnerets  are  in  a  single  transverse  row,  the  upper  pair  being 
outside  the  others.  The  outer  pair  has  two  nearly  equal  joints  and 
the  next  pair  have  a  short  second  joint  at  the  tip. 

The  opening  of  the  trachesB  is  in  the  middle  of  the  abdomen 
instead  of  directly  in  front  of  the  spinnerets,  as  in  most  of  the 
family. 

Small  spiders  resembling  legenaria  and  CceloteBy  except  in  the 
spinnerets. 
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Hahnia  bimacnlata,  new  sp. 

PlATB   Vn,   FI0URB8  8,   So,   tO  8/. 

Length,  2'6"°».  Eyes  large,  both  rows  with  the  lateral  eyes  low- 
est. Lateral  eyes  much  nearer  together  than  the  middle  pibi 
Front  eyes  a  little  the  larger,  both  rows  strongly  curved,  the  middk 
eyes  highest.  MaxillsB  short  and  wide,  the  front  edge  gtnigki 
except  on  the  inner  comer.  Sternum  as  wide  as  long,  widest  oppo- 
site the  second  legs.  The  spinnerets  are  long,  the  terminal  jobu  of 
the  outer  pair  nearly  as  long  as  the  basal  joint.  The  tracheal  open- 
ing is  nearer  the  epigynura  than  the  spinnerets.     Plate  vn,  ^g.  8. 

The  cephalothorax,  sternum,  and  mouth  parts  are  reddish  hrovn. 
The  abdomen  is  light  gray  with  many  irregular  pale  spot«  and  t 
double  row  of  pale  oblique  markings  in  the  middle.  In  the  ]iiid<lie 
of  the  front  half  of  the  abdomen  are  two  orange  colored  spot&  Th< 
under  side  of  the  abdomen  is  pale  with  a  few  gray  spots.  The  k^ 
are  pale  with  gray  rings,  two  rings  on  the  femur,  tibia,  and  metatar- 
sus. The  skin  over  the  epigynum  is  very  transparent  and  ahow 
two  convoluted  tubes  almost  always  unsymmetrical,  figs.  Sc^d,t>/- 
The  male  palpus  has  on  the  outside  of  the  tibia,  near  the  eni  a 
pointed  process  as  long  as  the  diameter  of  the  tibia.  At  the  hascof 
the  patella  on  the  outer  side  is  a  small  pointed  black  process  coned 
a  little  forward,  fig.  Sb,  The  tarsus  is  nearly  as  wide  as  long  but 
slightly  pointed  at  the  tip.  The  palpal  organ  is  flat  with  a  k»g 
thin  tube  extending  along  the  inner  side  around  the  end,  %g.  f^ 

Common  under  dead  leaves.  Massachusetts,  Connecticut,  and  Mt. 
Washington,  N.  H. 

Hahnia  radula,  new  gp. 

This  spider  resembles  jBT.  binidculata  but  is  nearly  twice  as  lo^- 
On  the  under  side  of  the  first  and  second  legs  and  palpi  of  the  mak 
the  hairs  are  raised  on  short  transverse  ridges  so  that  the  leg  appear 
serrated  when  seen  from  the  side.  Plate  vii,  figs.  10,  lOa.  The  gray 
markings  of  the  abdomen  and  rings  around  the  legs  are  less  diidoft 
than  in  hirnaculata.  The  little  spine  at  the  base  of  the  patella  of 
the  male  palpi  is  shorter  than  in  bimactUata  and  sharply  tnnied  for 
ward.  The  appendage  of  the  tibia  is  the  same  as  in  bimaculatOj  aaJ 
the  tarsi  and  palpal  organs  are  very  similar. 

One  male,  Jaffrey,  N.  H.,  Aug.  1. 
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Hahnia  cinerea,  new  sp. 

Plate  VII,  figubes  9,  9a,  96. 

Length,  1-5  to  2°'". 

Cephalothorax  light,  with  dark  radiating  markings.  Abdomen 
dark  gray  with  scattered  small  white  spots  and  a  double  median 
row  of  oblique  light  markings  somewhat  like  Ccelotes,  Plate  vii, 
fig.  9.  The  legs  are  light  yellowish  brown  with  patellse,  coxae,  and 
the  ends  of  the  longer  joints  paler  than  the  rest.  The  basal  joints 
of  the  spinnerets  are  light  yellowish  brown  like  the  legs.  Terminal 
joint  of  outer  spinnerets  shorter  than  basal.  The  tracheal  openings 
are  nearer  the  spinnerets  than  the  epigynum.  The  skin  over  the 
epigynum  is  rather  opaque  and  but  little  of  it  can  be  seen.  The 
palpi  of  the  male  have  the  patella  and  tibia  both  short  and  each  has 
a  long,  slender  process  on  the  outer  side  which  is  flexible  and 
variously  curved  at  the  end,  fig.  96.  The  tarsus  is  short  and  oval. 
The  palpal  organ  has  at  the  base  a  short  feather-like  appendage. 
The  tube  is  slender  and  curved  around  the  distal  end  of  the  tarsus. 
It  has  near  the  end  a  short  soft  appendage  of  the  bulb,  fig.  9a. 

Salem,  Beverly,  Swampscott,  Cambridge,  Roxbury,  Mt.  Tom, 
Mass.,  and  New  Haven,  Conn. 

Agalena  Waick. 

Large  hairy  spiders  with  long  legs  and  very  long  upper  spinnerets. 
The  bead  is  high  and  the  middle  eyes  of  both  rows  are  much  higher 
than  the  others.  The  web  is  flat  and  more  regular  and  closely  woven 
than  in  Tegenaria, 

Agalena  naBVia  Walck.  and  Bobc,  1841;  Hentz,  1848. 
ulyafeTia  pofferi  Black  wall,  Ann.  and  Mag.  Nat.  Hist.,  vol.  xvii,  1846. 
AgalenopsU  olbipiHs  Giebel,  Zeitsch.  Gesammt.  Nat.,  1 869. 

Agalena  americana  Keys.,  Zool.  botan.  Qesellsch.,  Wien,  187*7,  male  with  short- 
tubed  palpal  organs,  from  Illinois. 

Plats  VIII,  figures  1,  la,  Ic,  Id,  1/  \g,  lA,  1»,  ly,  lA:,  H  Im,  \n. 

This  is  the  common  grass  spider  all  over  the  United  States.  It 
varies  greatly  in  size.  A  large  male  measures  14™*"  long,  4th  leg 
35"»"*.  A  large  female,  IS*"""  long,  4th  leg  30"™,  while  a  small  adult 
male  is  only  7™"  long,  and  the  4th  legs  16™™.  Plate  viii,  fig.  1. 

The  cephalothorax  is  long  and  the  cephalic  part  separated  dis- 
tinctly from  the  thoracic  hy  grooves  radiating  from  the  dorsal 
depression.  The  head  is  high  and  wide  in  front  and  contracted  a 
little  just  in.  front  of  the  first  pair  of  legs.     The  two  rows  of  eyes 

TsANS.  Conn.  Acad.,  Vol.  VIII.  26  Jan.,  1890. 
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are  strongly  carved,  the  lateral  much  lower  than  the  middle  piin,  so 
that  the  middle  front  eyes  and  the  lateral  hinder  eyes  form  together 
a  nearly  horizontal  line.  The  thorax  is  marked  by  radiating  groons 
between  the  legs.  The  abdomen  is  about  twice  as  long  as  wide, 
widest  in  the  front  half,  a  little  truncated  in  front  where  it  overly 
the  thorax,  and  tapering  behind.  The  upper  spinnerets  are  two  or 
three  times  as  long  as  the  under.  The  legs  are  long  and  tapering, 
the  fourth  pair  longest.  The  maxillae  are  much  widened  at  the  tip* 
and  nearly  straight  on  the  front  edges. 

The  cephalothorax  has  two  wide  longitudinal  dark  stripes.  Hie 
abdomen  has  a  light  longitudinal  stripe  in  the  middle,  strai^t  in 
front,  and  herringbone-shaped  in  the  hinder  half,  generally  a  littk 
darkened  in  the  middle  and  lightest  at  the  edges.  The  sides  of  tk 
abdomen  are  dark,  or  covered  with  dark  spots  close  together  toward 
the  middle  stripe  and  more  scattered  toward  the  sides.  On  the  ven- 
tral side  the  abdomen  has  a  middle  dark  stripe,  sometimes  lighter  ia 
the  middle. 

Though  the  markings  vary  but  little  the  colors  vary  from  ligfct 
yellow,  with  pale  gray  markings,  to  dark  reddish  brown,  with  Wack 
and  gray  spots,  the  colors  being  usually  modified  by  lonsr  gray  bain 
both  in  dark  and  light  individuals.  The  joints  of  the  legs  are  all 
dark  toward  the  end.  Large  individuals  are,  as  a  rule,  i^arker  col- 
ored than  small  ones. 

The  palpi  are  lopg  in  both  sexes.  In  the  males  the  femur  is  loog, 
the  patella  not  much  longer  than  wide,  and  without  appendagei: 
the  tibia  about  as  long  as  patella,  widened  at  the  distal  end,  tke 
outer  side  extending  forward  along  the  edge  of  the  tarsus  and  having 
a  short  blunt  tooth,  figs.  Ic,  1^,  Id.  The  tarsus  is  large,  the  basal 
half  oval  and  the  tip  narrowed  into  a  long  point.  The  palpal 
organ,  especially  the  tube,  which  is  largely  developed  in  this  ^>ectc^ 
instead  of  having  a  constant  form,  as  in  most  spiders,  Tmria 
extremely.  The  most  common  form  is  that  shown  in  figs.  Itf,  1/, 
with  a  stout  flat  tube  coiled  in  one  and  a  half  turns  under  the  tarsitf, 
and  with  the  tip  turned  outward  away  from  the  tarsus.  On  the 
outer  side  of  the  palpal  organ  near  the  end  of  the  tube  is  a  6h<»t 
thin  tooth  with  the  outer  edge  turned  downward  and  the  coraer 
usually  forming  a  blunt  tooth  directed  toward  the  end  of  the  palpoa. 
This  variety  is  found  in  spiders  of  all  sizes  and  shades  of  color  from 
all  parts  of  the  country.  Among  large  spiders  from  varioos  locali- 
ties occurs  the  form  of  palpal  organ  shown  in  fig.  \h.  In  this  tbe 
tube  is  much  longer  and  more  slender,  and  terminates  in  a  sharp 
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point  turned  inward  toward  the  tarsus.  A  third  variety,  shown  in 
fig.  \dy  occurs  less  often  but  on  spiders  of  all  sizes  and  from  differ- 
ent parts  of  the  country.  The  spiral  here  hardly  makes  more  than 
one  turn  and  is  so  small  as  to  be  covered  entirely  by  the  tarsus.  At 
the  tip  the  tube  is  twisted  so  as  to  turn  the  opening  downward. 
This  is  the  form  named  AgcUena  americana  by  Keyserling,  in  1877, 
from  Illinois ;  there  is  one  in  the  Cambridge  museum,  from  Penikese 
Island,  Mass.,  named  by  Keyserling  *' var.  americanay^  and  I  have 
seen  specimens  from  Indiana,  from  Providence,  R.  I.,  New  Bedford, 
Mass.,  and  Brooklyn,  N.  Y.,  in  N.  Pike's  collection.  These  three 
varieties  seem  to  be  distinct  and  I  have  seen  no  intermediate  forms. 
Fig.  1 «  is  a  palpal  organ  from  Providence,  R.  I.,  having  an  unusually 
large  tube  ;  fig.  1/  is  the  palpus  of  a  small  spider  from  Jaffrey,  N.  H., 
in  which  the  tube  is  slender  and  the  spiral  unusually  small. 

The  shape  of  the  external  opening  of  the  epigynum  is  even  more 
variable  than  that  of  the  palpal  organ.  The  most  common  variety 
is  shown  in  fig.  lA,  taken  from  a  female  found  in  copulation  with  the 
male  from  which  the  palpus  fig.  \a  was  drawn.  Figs.  1/,  ly,  lA:, 
show  a  slight  variation  from  this  form  by  short  teeth  on  the  front 
edge  of  the  opening.  Figs.  1/,  Im,  In,  have  these  teeth  united  and 
extending  backward  across  the  opening  nearly  dividing  it  into  two. 
Tlie  three  last  are  all  from  large  dark  colored  spiders  like  those  hav- 
ing palpi  as  in  fig.  \b. 

Comparison  of  a  large  number  of  specimens  from  the  neighbor- 
hood of  Boston,  Mass.,  showed  that  69  males  had  palpi  like  fig.  la, 
and  S  like  fig.  1^  ;  98  females  had  the  oval  epigynum,  fig.  lA,  and  37 
the  partly  divided  epigynum,  figs.  1/,  Im,  In. 

The  web  of  this  species  consists  of  a  flat  sheet,  shaped  accord- 
ing to  the  supports  to  which  it  is  fastened,  from  one  side  of 
which  extends  a  tube  at  the  mouth  of  which  the  spider  usually 
stands.  The  tube  is  open  at  the  lower  end,  from  which  the  spider 
escapes  if  the  web  is  entered  by  too  large  an  enemy. 

The  webs  are  made  in  all  kinds  of  places.  In  early  summer  great 
numbers  are  made  on  short  grass,  but  large  webs  are  seldom  made 
in  such  situations  and  it  is  probable  that  spiders  that  do  not  find 
more  favorable  places  as  they  grow  larger,  never  live  to  become 
aduh.  The  largest  webs  and  the  best  developed  spiders  are  found 
among  stones  and  shrubs  where  there  are  convenient  hiding  places 
and  supports  for  the  web,  which  in  a  good  situation  is  enlarged  as 
the  spider  grows  until  it  becomes  a  foot  or  more  wide  and  propor- 
tionally thick  and  strong.     The  long  spinnerets  are  used  in  making 
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this  flat  web,  the  spider  walking  along  slowly,  swinging  the  spin- 
nerets from  side  to  side,  making  a  band  of  very  fine  threads  at  each 
stroke.  The  web  does  not  appear  to  be  at  all  adhesive,  it  merely 
offers  insects  a  convenient  place  to  rest  upon  and  the  spider  depends 
on  his  quickness  of  movement  for  their  capture.  Large  webs  nsu- 
ally,  have  many  supporting  threads  running  up  into  fences  and 
bushes  and  these  perhaps  help  to  trip  the  wings  of  flying  insects 
and  cause  them  to  fall  on  the  web,  as  similar  threads  do  in  the  webs 
of  Linyphia. 

The  pairing  of  this  spider  takes  place  on  the  web  of  the  female. 
The  female  lies  still  with  feet  drawn  up  as  if  dead.  The  male  lays 
her  on  one  side  under  his  thorax  with  her  ventral  side  forward  and 
inserts  one  of  his  palpi  into  the  epigynum  at  frequent  intervals  for  a 
long  time,  the  soft  parts  of  the  palpal  organ  suddenly  swelling  and 
again  contracting.  When  tired  with  one  palpus  he  turns  the  female 
around  and  over  so  that  she  lies  on  the  other  side  with  her  head  in 
the  opposite  direction  and  uses  the  other  palpus.  The  eggs  are  laid 
in  a  flat' white  cocoon,  usually  covered  with  a  thick  flat  cone  of  silk 
with  which  considerable  dirt  is  often  mixed.  The  eggs  are  laid 
under  stones  or  bark  and  on  fences  and  buildings  of  all  kinds,  where 
they  are  partly  sheltered,  from  August  to  October,  and  the  females 
often  remain  and  die  on  or  near  the  cocoon.  Adults  are  occasionally 
found  under  leaves  in  winter,  but  it  is  doubtful  if  any  live  until  the 
next  season.  The  eggs  hatch  early  in  the  spring  and  the  young  spi- 
ders come  out  in  May. 

It  appears  to  be  the  most  common  spider  all  over  the  United 
States. 

Dysderidae. 

Spiders  with  only  six  eyes  and  with  the  openings  of  the  tracheae  in 
the  front  of  the  abdomen,  just  behind  those  of  the  air  sacs,  so  that 
they  appear  to  have  four  air  sacs  like  the  Mygalidm.  The  family  is 
a  small  one  and  the  genera  differ  greatly  in  the  structure  of  the  feet 
and  mouth  parts. 

Dysdera  interrita  Hentz. 

Plate  VIII,  piqures  2,  2a,  26,  2c,  2d. 
Female  12""  long.  Cephalothorax  5""  long  and  3™"  wide.  The 
front  of  the  head  is  wide  and  curved  forward  in  the  middle.  The 
eyes  are  small  and  close  together.  PL  viii,  fig.  2.  The  mandibles 
are  half  as  long  as  the  cephalothorax  and  inclined  forward  and  much 
narrowed  toward  the  end.     The  maxillae  are  small,  pointed  at  the 
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tips  and  widest  half  way  to  the  base  of  the  palpus.  Fig.  2a.  The 
labium  is  long  and  widened  at  the  base.  The  sternum  is  widest  in 
the  middle,  narrowed  behind,  and  truncated  at  the  front  end.  The 
coxse  are  very  long,  fig.  2a.  The  first  legs  are  longest  and  the  fourth 
next.  The  feet  have  only  two  claws  and  under  them  a  thick  brush  of 
flattened  hairs.  Fig.  2^.  The  pat  ell »  are  only  about  a  fourth  shorter 
than  the  tibiae.  The  abdomen  is  long,  oval  and  a  little  pointed  behind. 
The  cephalothorax  and  mandibles  are  reddish-brown.  The  legs  are 
lighter  colored  and  more  yellow  and  become  a  little  darker  from  behind 
forward.     The  abdomen  is  dirty  white  or  yellow  without  markings. 

The  male  differs  little  from  the  female.  The  palpal  organ  is  as 
long  as  patella  and  tibia  of  the  palpus.  The  terminal  half  is  a 
little  curved  inward,  and  on  the  outer  side  is  a  short  blunt  tooth  a 
little  curved  upward.     Figs.  2c,  2d, 

Swampscott,  Brookline,  and  Roxbury,  Massachusetts.  This  is  the 
only  Dyadera  I  have  seen  from  New  England,  and  as  Hentz's  D, 
interrita  came  from  Massachusetts,  this  is  probably  the  species.  It 
agrees  very  closely  with  2>.  crocata  Koch  ^  D.  rubicunda  Blk. 
The  palpal  organ  of  2>.  interrita  is  straighter,  as  seen  from  in  front, 
than  that  of  crocata, 

Ariadne  Savigny  and  Audouin. 

Ariadne  bioolor. 

Pylarus  bicolor  Heotz. 

Plate  VIII,  pigurb  3,  3a,  36,  3c,  3d. 
Female  9"»"»  to  lO"*"  long.  Plate  vm,  fig.  3.  Cephalothorax  long 
and  narrow,  widest  opposite  the  third  pair  of  legs.  In  the  male  the 
cephalothorax  is  proportionally  much  wider.  The  dorsal  groove  is 
very  small,  and  the  head  is  not  separated  very  distinctly  from  the 
thorax.  The  abdomen  is  oval,  widest  across  the  middle.  The  first, 
second,  and  third  pairs  of  legs  are  turned  forward.  The  first  pair  is 
longest,  the  second  next.  The  legs  are  all  stout  and  the  first  and 
fourth  pairs  have  the  patella  and  tibia  much  thickened.  The  color  of 
the  cephalothorax  and  legs  is  darker  from  behind  forward,  the  fourth 
legs  being  light  yellow  and  the  first  legs  and  front  of  the  head  dark 
brown.  The  abdomen  is  pale  at  the  sides  and  dark  purplish-brown 
above  and  below,  darkest  along  the  middle  of  the  back. 

The  feet  have  three  claws,  fig.  8c?.  The  tibia  and  metatarsus  of 
the  first  and  second  legs  have  two  rows  of  strong  spines  on  the  under 
side,  four  pairs  on  the  tibia  and  eight  or  ten  pairs  on  the  metatarsus. 
The  sternum  is  long  and  widest  in  the  hinder  half.     The  maxillae  are 
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long  and  narrow,  widened  a  little  half  way  btween  the  tip  aod  the 
insertion  of  the  palpus.  The  palpi  are  short  and  stout,  fig.  3.  Tbe 
middle  eyes  are  close  together.  The  upper  lateral  eyes  are  aboat 
twice  their  diameter  from  the  middle  pair,  and  the  froot  eyes  ate 
close  to  them,  about  half  their  diameter  nearer  the  middle  line. 

The  male  is  a  little  smaller  than  the  female  and  has  the  thoru 
wider  and  the  legs  longer  and  more  slender^  fig.  3a.  The  metatami 
of  the  first  feet  is  crooked  at  the  base  with  a  spine  on  each  side,  tie 
outer  one  nearest  the  base,  fig.  3a.  The  male  palpi  are  but  littk 
longer  or  stouter  than  those  of  the  female.  The  tibia  is  a  littk 
thickened.  The  palpal  organ  is  attached  to  the  under  side  of  tiie 
tarsus  ;  it  has  a  round  bulb  about  as  thick  as  the  tibia  is  long, 
which  narrows  on  the  outer  side  into  a  short  finely  pointed  tobe 
that  curves  sharply  inward,  fig.  3a. 

It  lives  under  stones  and  leaves^  or  in  long  yellowish  tubes  only 
wide  enough  to  hold  the  spider  under  stones  or  in  cracks  of  trees. 
In  July  and  August  the  cocoon  with  twenty  or  thirty  eggs  is  made 
in  the  tube  with  the  female,  and  the  young  come  out  of  the  oocoos 
and  live  in  the  tube  for  a  short  time  with  the  female. 

Massachusetts,  Connecticut,  and  in  N.  Pike's  Long  Island  coUee* 
tion. 
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EXPLANATION   OF  PLATES. 

Plate  III. 

Fig.  1.    Micaria  hngipesy  la,  maxillffi  and  mandibles,  from  below ;  Ifr,  palpus  of  male; 

Ic,  scale  from  front  of  abdomen;  1(2,  !«,  white  scales  from  spots  on  abdomen ; 

1/  scale  from  binder  half  of  abdomen;  1^,  epigynam. 
Fig.  2.    Micaria  montana ;  2a,  epigynum. 
Pig.  3.     Geotrecha  bivittata,  ventral  view;  3a,  dorsal  view;  36,  3c,  palpi  of  male;  3rf, 

epigynum ;  3e,  hair  of  abdomen. 
Fig.  4.     Geotrecha  pinnaia;  4a,  epigynum. 

Fig.  5.     Geotrecha  crocaia,  dorsal  view;  66,  5c.  palpi  of  male;  5d^  epigynum. 
Fig.  6.    Proathesima  atra;  6a,  ventral  view;  66,  6c,  palpi  of  male;  60?,  epigynum;  6e, 

foot  of  first  pair;  6/  foot  of  fourth  pair;  G^,  hair  of  abdomen. 
Fig.  7.     Prostheaima  ecclesiastica ;  Ya,  ventral  view;    76,  epigynum:    7c,  Id,  palpus  of 

male. 
Fig.  8.     Prostheaima  dcpreasa ;  8a,  epigynum. 

Plate  IV. 

Fig.  1.  PoBcUochroa  variegata]  la,  ventral  view;  16,  Ic,  palpus  of  male;  Irf,  epi- 
gynum. 

Fig.  2.    PoBciiochroa  montana;  2a,  epigynum. 

Fig.  3.     PcBcilochroa  bilineata;  3a,  ventral  view. 

Fig.  4.  Gnaphosa  conspersa;  4a,  ventral  view;  46,  end  of  mandible;  4c,  outer  side  of 
male  palpus ;  4(2,  palpal  organ ;  4c,  epigynum. 

Fig.  6.  Gnaphosa  brumalis^  outer  side  of  male  palpus ;  6a,  palpal  organ ;  66,  epi- 
gynum. 

Fig.  6.  Pythonissa  imheciUa;  6a,  ventral  view;  66,  mandible;  6c,  palpus  of  male; 
6(2,  epigj^um. 

Fig.  7.  Drasaus  aaccatua;  7a,  ventral  view;  76,  outer  side  of  male  palpus;  7c.  tibia 
and  tarsus  of  male  palpus,  under  side ;  7d,  epigynum. 

Fig.  8.     Draaaus  robualua;  8a,  epigynum;  86,  c,  palpus  of  male. 

Plate  V. 

Fig.  1.     Cluhiona  craaaipalpia,  male  palpus  showing  palpal  organ;  la,  tibia  of  male 

palpus ;   1 6,  outer  side  of  male  palpus. 
Fig.  2.     Clubiona  mixPXj  male  palpus,  upper  side  showing  tibia ;  2a,  under  side,  ghow- 

ing  palpal  organ ;  26,  outer  side  of  patella  and  tibia. 
Fig.  3.     Clubiona  tibialis,  male  palpus,  upper  side;  3a,  outer  side;  36,  epigynum. 
Fig.  4.     Clubiona  canadensia,  male  palpus,  upper  side  of  tibia  and  tarsus;   4a,  outer 

side  of  male  palpus ;  46,  under  side  of  tibia  and  tarsus,  showing  palpal  organ ; 

4c,  epigynum. 
Fig.  6.     Clubiona puailla,  under  side  of  male  palpus,  showing  palpal  organ;  5o,  upper 

side,  showing  form  of  tibia ;  56,  inner  side. 
Fig.  6.     Clubiona  rubra^  male  palpus  of  spider  from  Saugus,  Mass.;  6a,  outer  side; 

66,  palpal  organ;  6c,  epigynum. 
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Fig.  7.     Chtbiona  rubrck^  palpus  of  large  male  from  Lynn,  Mass. ;  7a,  outer  aide ;  76, 

palpail  organ ;  7c,  epigyoum. 
Fig.  8.     ChUiuma  rubra,  palpus  of  small  male  from  New  Haveo,  Conn. ;  8a,  outer 

side;  85,  palpal  organ. 
Fig.  9.     Clubiona  omata ;  9a,  epigjnum. 
Fig.  10.     Clubiona  excepta;   lOo,  dorsal  view;    106,  10c,  palpus  of  male;    lOd,  epi- 

gjnum. 
Fig.  11.     Clubiona  minukty  male  palpus,  upper  side;  Ua,  outer  side;  IK,  under  side. 
Fig.  12.     ChiracaiUhium  viride;  12a,  dorsal  view;  126,  male  palpus,  outer  side;  12c, 

upper  side ;  1 2d,  epigynum. 
Fig.  13.     TraeheUu  ruber;   13a,  sternum  and  mouth  part;  136.  epigynum;  13c,  13d, 

male  palpus. 

Plate  VL 

fig.  1.     Anyphcma  rubra;  la,  ventral  view  of  abdomen,  showing  at  x  the  tracheal 

opening;  1(,  epigynum. 
Fig.  2.    AnypJuam  incerta ;  2a,  26,  2c,  palpus  of  male ;  2d,  epigynum. 
Fig.  3.    AnyphoBna  calcairaia,  under  side  of  coxse  of  male,  showing  spurs  on  3d  and 

4th  pairs ;  3a,  3b,  3c,  male  palpi ;  3d,  epigynum. 
Fig  4.    AnyphoBna  aaUabundeiy  male  palpus,  under  side ;   4a,  46,  4c,  upper  and  side 

views;  4d,  epigynum. 
Fig.  6.    Phruroliihua  alarius,  in  natural  position  at  rest;  6a,  light-colored  variety ;  65, 

first  leg ;  5c,  mazillaB ;  5d,  irridescent  scales  of  abdomen ;  5c,  5/  5^,  male  palpi ; 

5^,  epigynum. 
Fig.  6.    PhruroHthus  pugnatuB ;  6a,  upper  side  of  male  palpus ;  65,  outer  side ;  6c,  epi- 
gynum, showing  part  of  palpal  organ  in  one  side. 
Fig.  7.    Agrceca praiensis ;  7a,  sternum  and  mouth  part;   75,  7c,  7d,  palpus  of  male; 

7c,  epigynum. 

Plate  VII. 

Fig.  1.     Octhies  rrudidnalis,  enlarged  4  times;    la,  epigynum;    15,  palpus  of  male, 

under  side;  Ic,  upper  side. 
Pig.  2.     Oxhtes  longiiaraus,  palpus  of  male,  upper  side ;  2a,  epigynum. 
Fig.  3.     Cctlotes  montanuSj  epigynum ;  .3a,  palpus  of  male ;  35,  pateUa  and  tibia  of  male 

from  New  Haven,  Conn. 
Fig.  4.     Ocelotes  hybridua,  male  palpus,  upper  side  of  pateUa  and  tibia;  4a,  under  side. 
Fig.  5.     Higenaria  brevis ;  5a,  epigynum ;  55,  head  of  female ;  5c,  head  of  male. 
Fig.  6.     Togenaria  derharmi,  enlarged  4  times ;  6a,  palpus  of  male ;  65,  tarsus  and  pal- 
pal organ ;  6c,  epigynum. 
Pigs.  7,  7a,  75.     Oicurina  compUcata,  male  palpi ;   7,  under  side ;   7a,  outer  side  with 

larg^  process  of  the  tibia  separated  from  the  tarsus;  75,  upper  side,  showing  the 

narrow  tarsus  and  short  curved  tibia. 
Fig.  8.    Hahnia  bimaculata^  under  side  of  abdomen,  showing  trachsel  opening  and 

spinnerets ;  8a,  male  palpus,  under  side  of  tibia  and  tarsus ;  85,  outer  side  of  tibia 

and  tarsus ;  8c,  8d,  8c,  8/,  various  forms  of  epigynum. 
Fig.  9.    Hahnia  cwerea ;  9a,  male  palpus,  under  side ;  95,  outer  side. 
Fig.  10.    Hahnia  raduki,  maxilla  of  male;  10a,  hair  of  first  leg  of  male. 
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Platb  vm. 

Fig.  ] .  Agalena  ncsvia,  male ;  la,  oommoD  form  of  male  palpus  from  a  spedmea  fraa 
Peabody,  Mass.;  16,  loDg  tubed  variety  of  palpal  organ  from  Woodbridge,  Coea.; 
Ic,  outer  side  of  tibia  of  same  palpus;  1<2.  short  tubed  form  of  palpal  organ  of  • 
spedmen  from  New  Bedford,  Mass. ;  le,  palpal  organ  with  unusually  Urpe  tube  d 
a  specimen  from  Providence,  R.  I. ;  I/,  small  palpal  organ  from  Jaffrej,  K.  H  ;  Ij, 
outer  aide  of  small  male  palpus  from  Salem,  Mass. ;  lA,  common  form  of  «p- 
gynum  from  female  in  copulation  with  the  male  from  which  Fig.  1  was  dnvB ; 
It  and  }jy  epigynum  from  Providence,  R.  I.;  \k.  epigynum  with  small  prooetEot 
fVont  edge  from  Salem,  Mass.;  U  Im,  In,  epigynum  from  several  large  epMkff 
from  Massachusetts. 

fig.  2.  Dysdera  interrita;  2a,  sternum,  oozffi,  and  mouth  parts;  26,  foot;  le,  side  of 
male  palpus;  2(i,  palpal  organ  from  front. 

Fig.  3.    Ariadne  btcoioTy  female ;   3a,  male,  head,  palpi,  and  front  leg ;   3b. 
and  mouth  parts  of  female;  3c,  male  palpus;  3(2,  front  leg  of  female. 
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XII, — ^The  Development  of  a  Paleozoic  Poriferous  Coral. 
By  Charles  E.  Beecher.     (With  Plates  IX-XIII.) 

The  origin  and  affinities  of  many  groups  of  paleozoic  corals  are 
still  obscure.  The  main  elements  of  the  recognized  system  of 
classification  seem  to  be  stable,  yet  so  little  is  known  of  the 
growth  and  structure  of  a  number  of  important  groups,  that  they 
occupy  a  different  place  in  almost  every  arrangement  of  the  genera. 
Each  fact  of  development  affords  data  which  eliminate,  to  a  degree, 
the  want  of  knowledge  concerning  their  origin  and  relations.  Un- 
less the  growth  of  the  organism  is  obscured  by  pronounced  acceler- 
ated or  degradational  features,  its  interpretation  is  simple,  and 
throws  much  light  on  its  ancestral  history.  Paleozoic  types  in 
gmeral  are  least  modified  in  their  development  by  acceleration. 
They  usually  show  some  marked  expression  of  their  prototype,  and 
also  the  succession  of  changes  through  which  they  have  passed 
during  their  evolution. 

The  species  here  discussed  was  originally  described  as  Michelinia 
tenticulariSy  Hall,*  from  the  Lower  Helderberg  group  of  New  York. 
If  Michelinia  is  entitled  to  recognition,  it  will  exclude  this  form,  as 
it  is  without  tabulse.  Pleurodictj/um,  as  now  defined,  is  more  in  har- 
mony with  these  features,  and,  therefore,  the  species  M.  lerUictUaris 
is  here  referred  to  this  genus.  The  large  calices  and  their  constant 
origin  at  the  basal  epitheca  are  not,  however,  essential  characters  of 
Ifeurodictf^m.  The  structure  and  growth  of  this  species  indicate 
that  it  represents  one  of  the  simpler  types  of  poriferous  corals.  For 
ttoB  reason,  its  development  is  without  the  numerous  modifications 
necessary  in  more  complex  forms,  and  its  laws  of  growth  are  not 
oomplicated. 

Development  of  Pleurodictyum  lenticulare, — The  nepionic  stage  is 
well  marked.  It  comprises  the  growth  of  the  corallum  to  the  com- 
pletion of  a  simple  initial  cell.  This  primitive  cell  or  nepionic  stage 
(Rate  IX,  figure  1,  7,  8)  has  the  form  of  an  oblique  inverted  cone 
flattened  on  one  side.  The  flattened  area  represents  the  lower  or 
attached  side,  and  the  oblique  base  of  the  cone  is  occupied  by  the 

♦  Twenty-sixth  Kept.  N.  Y.  State  Museum  of  Nat.  Hist,  p.  113,  1874. 
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aperture  of  the  corallite.  The  apical  portion  is  smooth  for  about 
one-fourth  the  length  of  the  cell.  Then  the  concentric  lines  of 
growth  become  apparent,  and  over  the  distal  half,  radiating  ribs  are 
also  developed.  The  interior  of  the  apex  is  granulose.  At  about 
the  middle  of  the  cell,  the  granules  are  arranged  in  rows,  forming 
the  beginnings  of  the  septal  lines. 

The  simple  growth  of  the  initial  cell  continues  until  the  entire 
procumbent  portion  is  completed.  A  thickening  of  the  margin  then 
takes  place,  and  an  upward  growth  of  the  corallite  is  initiated.  At 
the  commencement  of  this  upward  growth,  the  first  bud  starts  out 
from  the  lateral  edge  of  the  initial  calyx,  either  to  the  right  or  left 
of  the  axis.  This  condition  represents  the  first  nealogic  stage.  The 
bud  resembles  the  parent  cell  in  all  particulars,  and  reaches  consider- 
able size  before  the  second  appears,  as  shown  in  Plate  IX,  figures  9,  10. 
The  visceral  cavities  are  confluent,  as  the  initial  apex  of  the  bud 
opens  into  the  calyx  of  the  first  cell. 

The  succeeding  nealogic  stages,  to  the  completion  of  the  first 
circle  of  peripheral  calices,  have  been  observed  mainly  from  the 
epithecas  of  mature  or  nearly  full  grown  corallums,  represented  on 
Plate  X,  figures  1,2.  In  these  examples,  the  lines  of  growth  are  (to 
perfectly  shown,  that  all  the  stages  are  distinctly  marked,  and  may 
be  satisfactorily  studied. 

What  is  here  considered  as  the  second  nealogic  stage  is  repre> 
sented  on  Plate  IX,  figure  3,  showing  the  initial  corallite,  with  the 
first  and  second  buds  on  opposite  sides.  This  process  of  alternate 
gemmation  from  the  parent  cell  continues  until  the  circlet  of  calices 
is  completed,  as  shown  in  figures  4,  5,  and  6.  In  this  species,  the 
normal  number  of  peripheral  calices  is  seven,  making  eight  corallites 
in  the  completed  nealogic  corallum.  The  last  cells  to  be  formed  are 
(1)  the  sixth  and  seventh  budding  from  the  anterior  side  of  the  first 
calyx,  and  (2)  the  eighth  or  posterior  cell.  Plate  IX,  figure  12,  repre- 
sents the  completed  nealogic  corallum,  with  the  initial  cell  and  six 
well  developed  peripheral  calices.  The  eighth  has  just  begun  to 
fill  up  the  space  between  the  second  and  third.  It  will  be  noticed 
that  there  is  a  direct  correspondence  in  the  size  of  the  calices  to 
their  relative  age.  The  first  calyx  is  much  the  largest.  Then,  de- 
creasing serially,  come  the  second,  third,  fourth,  fifth,  sixth,  and 
seventh,  while  the  eighth  is  undeveloped.  An  inspection  of  the 
upper  surface  of  a  mature  corallum  will  thus  usually  determine  the 
order  of  successive  calical  additions.  After  the  appearance  of  the 
posterior,  or  eighth  calyx,  the  corallum  commonly  grows  to  double 
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the  diameter  of  the  completed  nealogic  stage,  resulting  in  the 
normal  epheholic  or  mature  condition,  as  represented  on  Plate  XI, 
figures  1,  2.  Nearly  all  the  full  grown  specimens  found  agree  in 
this  respect. 

A  corallum  rarely  presents  any  departure  from  the  normal  number 
of  calices.  Plate  XII,  figure  1 ,  is  an  example  of  a  variation  in  the 
number  of  peripheral  corallities,  for  in  this  specimen,  there  are 
eight  in  the  circle,  instead  of  the  usual  seven.  A  variation  in  the 
opposite  direction  is  shown  in  another  specimen  having  five  well 
developed  corallites  about  the  parent  cell.  Old  age  characters  are 
expressed  in  two  ways  :  First,  the  cell  walls  become  thickened 
around  the  margin  of  the  epitheca  without  destroying  the  symmetry 
of  the  corallum,  as  shown  in  Plate  XII,  figure  2  ;  Second,  by  the 
indefinite  and  unequal  development  of  the  peripheral  cells,  together 
with  the  addition  of  calices  budding  from  the  cells  forming  the 
primary  circle.  One  specimen,  appearing  at  first  sight  as  an  exam- 
ple of  cell  division  or  fission,  is  shown  in  Plate  XIU,  figure  2.  It  may 
be  explained  as  resulting  from  the  abnormal  growth  of  the  second 
and  adjacent  calices,  four  and  eight.  This  lateral  impulse  further 
resulted  in  sending  off  the  small,  peripheral,  tertiary  corallites  num- 
bered in  the  figures  9,  10,  11,  12,  and  13. 

It  should  be  understood  that  this  arbitrary  expression  of  normal 
and  abnormal  growths  applies  only  to  the  species  P.  lenticulare. 
The  same  numerical  arrangement  will  not  hold  good  for  genera  like 
FavosUeSy  Michdinia^  Striatopora^  etc.  Otherwise,  it  is  believed, 
the  general  laws  of  growth  here  brought  out  will  hold  good  for 
these  and  other  related  genera. 

Some  doubt  may  exist  as  to  the  propriety  of  referring  the  speci- 
mens illustrated  on  Plate  IX,  figures  9-11,  to  P,  lenticulare.  Unfor- 
tunately, material  of  this  kind  is  rare  and  difficult  to  obtain.  With 
the  exception  of  the  position  and  direction  of  the  first  bud  (figure 
10),  all  the  characters  agree,  so  far  as  can  be  observed,  with  ordinary 
specimens  of  P.  lenticulare.  The  second  cell  of  the  corallum  repre- 
sented in  Plate  X,  figure  1,  curves  rapidly  backwards,  although  at 
first  the  axis  has  an  anterior  direction.  Taking  this  view  of  the 
specimen,  Plate  IX,  figure  1 1,  it  is  not  difficult  to  see  how  the  succeed- 
ing enlargement  and  curvature  of  the  bud  could  extend  backwards, 
thus  properly  limiting  the  size  of  the  eighth  or  last  of  the  primary 
circlet  of  calices. 

The  method  of  determining  the  relative  age  and  succession  of  the 
corallites  can  be  seen  in  Plate  X,  figures  1,  2,  and  Plate  XI,  figure  2. 
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The  initial  cell  occupies  the  central  position,  and  forms  the  boss  or 
apex  of  the  basal  epitheca.  The  first  bud  is  nearly  on  a  plane  with 
the  base  of  the  initial  cell  and  is  the  one  nearest  the  apex.  The 
second  and  successive  buds  are  respectively  more  distant,  and  at  a 
higher  level.  Specimens  having  broad  surfaces  of  attachment  to 
foreign  objects  have  these  distinctive  features  of  the  epitheca  obliter- 
ated, and  the  only  guide  to  the  order  of  the  corallites  then  lies  in 
their  comparative  size  and  position  on  the  upper  surface  of  the 
corallum. 


General  conclusions, — The  first  feature  to  be  noted  in  the  develop- 
ment of  a  poriferous  coral,  as  here  described,  is  the  simple  cyathi- 
form  character  of  the  initial  corallite.  This  nepionic  stage  is 
without  mural  pores,  and  has  an  epitheca  over  the  entire  exterior  of 
the  cup.  The  septal  lines  become  developed  toward  the  end  of 
this  stage.  These  features  are  in  harmony  with  the  young  of  many 
paleozoic  corals,  such  as  Cladochonus,  Aulopora^  or  Syringoporay 
and  clearly  indicate  a  primitive,  simple,  and  imperforate  ancestry 
for  the  Perforata.  A  similar  origin  and  development  obtains  in 
JFhvositeSy  as  may  be  seen  from  the  figure  of  a  young  colony  of  PI 
Porbesi,  var.  occidentalis,  given  by  Professor  Hall.* 

The  first  nealogic  stage,  represented  by  the  primitive  corallite 
with  one  bud,  is  the  first  transition  towards  both  a  compound  and  a 
perforate  coral,  Plate  IX,  figure  9.  This  stage  has  two  calices,  mak- 
ing it  a  compound  coral,  and  has  an  opening  through  the  cell  walls 
or  connecting  channel  between  the  corallites,  forming  the  first  mural 
pore.  The  manner  of  growth  and  the  structure  of  the  corallum  at 
this  stage  are  suggestive  of  Aulopora,  and  should  be  given  consider- 
able significance.  The  visceral  cavities  in  Aulopora  are  confluent, 
and  rudimentary  septa  or  lines  of  spinules  are  often  present.  Pom- 
ingeria  has  a  growth  resembling  Aulopora  and  Syringopora,  It  is 
without  pores  on  the  portion  where  the  corallities  and  buds  are  free, 
but  when  these  are  in  juxtaposition  at  their  bases,  mural  pores  are 
developed.  The  upward  growth  of  the  initial  cell  of  P.  lenticulare 
proceeds  but  a  short  distance  before  the  circlet  of  peripheral  coral- 
lites is  completed.  Thus  at  this  stage  there  are  at  least  seven  mural 
pores  opening  into  the  primary  calyx.  If  this  tendency  to  the 
formation  of  numerous  buds  persists  throughout  the  upward  growth 

*  Indiana  Geol.  and  Nat.  Hist,  11th  Kept,  of  the  State  Geologist,  pi.  i,  figure  12, 
1881. 
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of  the  corallites,  the  non-development  of  the  buds  consequent  upon 
the  adjacent  living  corallites  would  naturally  result  in  the  produc- 
tion of  mural  pores.  The  basal  epitheca  limits  the  fleshy  portion  of 
the  organisms,  and  represents  an  area  unfavorable  to  the  acquisition 
of  food  or  for  the  natural  development  of  calices.  Therefore,  it 
would  prevent  both  the  maintenance  of  mural  pores  and  the  growth 
of  basal  buds.* 

A  Ihvosites  in  which  one  or  more  cells  became  inactive  or  dead 
shows  in  its  subsequent  growth  the  closing  over  of  this  area  by  the 
budding  of  the  surrounding  cells.  Each  cell  is  connected  with  the 
parent  by  an  apical  pore,  Plate  XIII,  figures  3,  4.  Without  this 
opportunity  to  bud  afforded  by  the  death  of  one  or  more  corallites,  or 
by  their  divergence,  the  adjacent  cells  would  have  developed  only 
mural  pores.  In  the  figure  of  P.  prohlematicum  given  on  Plate  XIII, 
figure  2,  three  of  the  initial  pores  are  indicated  by  dotted  lines  from 
p.  No  distinction  can  be  made  between  these  and  the  ordinary  pores, 
except  that  the  latter  are  usually  not  as  large.  This  difference  in 
size  would  be  expected,  as  the  primary  pore  represents  the  bud  which 
sacceeded  in  producing  a  corallite  ;  whereas  the  other  attempts  at 
budding  resulted  no  further  than  the  production  of  mural  pores.  The 
coDclusion  to  be  drawn  is,  that  the  mural  pores  in  such  genera  as 
Favo9it€8y  Striatoporay  Pleurodictt/um,  Micheliniay  etc.,  are  ineffec- 
tual attempts  at  budding,  resulting  only  in  the  perforation  of  the 
cell  walls.  This  explanation  agrees  with  the  pronounced  and  per- 
sistent tendency  to  gemmation  characteristic  of  the  genera  men- 
tioned. They  also  represent  compound  forms  having  individualized 
epitbecas,  and  this  feature  naturally  arises  from  the  same  system  of 
budding  obtaining  in  the  simple  corals. 

Professor  Verrill  has  shown  that  the  presence  or  absence  of  tabulsd 
is  of  little  or  no  importance  in  a  natural  classification.!  Therefore, 
the  non-tabulate  feature  of  P.  lenticulare  is  without  special  conse- 
quence in  a  discussion  of  the  relations  of  this  species  with  FavoaiteSy 
or  other  tabulate  poriferous  genera. 

*  The  presence  of  basal  mural  pores  or  openings  through  the  epitheca  has  been 
asserted  by  Meek  and  Worthen  (Pal.  lUinois,  vol.  iii,  p.  409,  1868).  The  specimens 
from  which  this  observation  was  made,  are  from  a  friable  sandstone,  which  does  not 
usually  preserve  minute  details  with  much  distinctness.  The  depressions  between 
the  spinules  on  the  septal  lines  could  easily  be  mistaken  in  a  cast  for  the  fillings  of 
nmral  pores,  and  it  is  believed  by  the  writer,  that  this  interpretation  should  be 
gfeen.  P.  lenUculare  occurs  as  calcareous  or  silicified,  and  in  the  condition  of  casts. 
Ko  basal  mural  pores  are  present.  Also,  none  can  be  observed  in  the  casts  of  F. 
problematicum,  from  Pelm,  Germany. 

f  Am.  Jour.  Sci.,  vol  iii,  p.  187,  March,  1872. 
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If  the  preceding  interpretations  of  structure  and  affinites  are  cor- 
rect, a  simple,  conical  imperforate,  non-tabulate  prototype,  or  proto- 
corallum,  may  be  assumed  for  the  Madreporaria  Perforata.  The 
next  derived  form,  represented  by  the  early  nealogic  stages  of  P. 
lenticuiare^  has  the  structure  and  growth  of  Avlopora^  and  consists 
of  the  parent  cell  with  one  or  more  buds.  At  this  stage,  which  may 
be  called  the  Auloporchstage,  the  initial  corallite  has  the  same  num- 
ber of  mural  pores  as  developed  buds,  for  each  bud  leads  into  the 
parent  cell  by  a  basal  opening  or  pore.  Aulopora  may  thus  be  con- 
sidered as  representing  a  primitive  type  of  a  poriferous  coral,  in 
which  the  number  of  pores  in  each  corallite  corresponds  to  the  num- 
ber of  buds  given  off  plus  one  connecting  it  with  the  parent  cell. 
Some  species  of  this  genus  are  free  throughout  most  of  their  growth 
{A,  aubtennis,  Hall),  agreeing  closely  with  the  erect  growth  of 
Pomingeria  and  Syringopora,  This  fact  removes  one  of  the  im- 
portant arguments  against  the  relations  of  Aulopora  with  these 
genera.  The  corallites  of  Aulopora  usually  send  off  buds  before 
turning  out  of  the  common  axis  of  the  branch  or  colony,  after  which 
no  gemmation  commonly  takes  places.  By  the  explanation  here 
advanced,  this  lack  of  a  tendency  to  gemmation  in  the  distal  por- 
tions of  the  corallites  in  this  genus  accounts  for  the  absence  of 
mural  pores  lyhen  such  portions  are  in  contiguity.  The  periods  of 
gemmation  in  Pomingeria  are  periodic.  Several  buds,  often  form- 
ing a  verticil  are  given  off  from  the  parent  corallite.  Considerable 
elongation  of  the  tubes  takes  place  before  other  series  of  buds  are 
produced.  The  budding  is  prolific  at  these  points,  and  here  also 
occur  the  mural  pores.  The  latter  are  therefore  developed  when 
the  period  of  gemmation  is  in  force.  If  pores  are  formed  elsewhere 
when  the  corallites  happen  to  come  into  juxtaposition,  it  may  pos- 
sibly be  explained  as  the  result  of  a  stimulus  produced  by  the  con- 
tiguity of  the  animals.  Further  observations  are  necessary  to  show 
that  pores  exist  at  other  places  than  the  bases  of  the  verticils  or 
points  where  numerous  buds  are  given  off  and  where  from  crowding 
the  corallites  are  in  juxtaposition. 

It  therefore  seems,  that,  primarily,  the  development  of  mural 
pores  is  identical  or  homologous  with  the  process  of  gemmation. 
Whether  this  cause  is  operative  in  such  forms  as  Columnopora  or 
Alevopora  yet  remains  for  investigation.  The  porous  condition  of 
the  walls  in  these  genera  may  be  an  inherited  character  without  an 
active  exciting  cause,  or  it  may  be  teleologically  different. 
Tale  Museum,  New  Haven,  Conn.,  May  20tb,  1891. 
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EXPLANATION   OF  PLATES. 
Plate  IX. 

Pleurodictyum  leniiculare. 
Pig.    1.     Lower  side  of  iDitial  eel],  or  nepionic  stage,      x  3^. 
Fig.    2.     Lower  side  of  iDitial  cell  with  one  bud ;  first  nealogic  stage,      x  3|. 
Fig.    3.     Initial  cell  with  two  buds ;  second  nealogic  stage,      x  3|. 
Fig..  4.     Initial  cell  with  three  buds:  third  nealogic  state.      x3|. 
Fig.    5.     Initial  cell  with  four  buds ;  fourth  nealogic  stage,      x  3^. 
Fig.    6.     Completed  nealogic  stage;  showing  initial  corallile  (1)  and  seven  peripheral 

corallites  (2  -8).     x  3^. 
Fig.    7.     Interior  of  nepionic  corallite.     x  3^. 
Fig.    8.     Exterior  of  same  specimen      x  3^. 

Fig.    9.     Upper  side  of  specimen  representing  first  nealogic  or  Aidopora-atagt,  con- 
sisting of  nepionic  cell  and  one  bud      Apex  of  bud  opens  into  visceral 

cavity  of  parent  cell,     x  3^. 
Fig.  10.     Profile  of  same;    showing  oblique  apertures  of  corallites,  and  thickened 

margin  of  parent  cell,  x  3^. 
Fig.  1 1.  Lower  side  of  preceding,  x  3^. 
Fig.  12.     Upper  side  of  completed  nealogic  stag^;  showing  inception  of  eighth  cell. 

x3i 
Fig^.  1-6  are  taken  from  epithecal  lines  of  growth  shown  in  Plate  X,  figure 

2.     Remaining  figures  are  from  actual   specimens.     Numbers  refer  to 

order  of  calical  succession. 
Lower  Helderberg  Group.     Albany  County,  New  York. 

Plate  X. 

PUv/rodictyum  leniiculare. 

Fig.  1.  Lower  or  epithecal  side  of  specimen;  showing  successive  alternate  gemma- 
tion from  parent  corallite.     x  3^. 

Fig.  2.     Similar  specimen  with  lines  of  growth  more  strongly  marked.     The  order  of 
budding  is  opposite  to  that  of  preceding  specimen,     x  3|. 
Lower  Helderberg  Group.     Albany  County^  New  York. 

Plate  XL 

Pleurodictyum  leniiculare. 

Fig.  1 .  Outline  of  cahces  of  specimen  Plate  X,  figfure  2 ;  showing  central  primary 
cell  and  seven  peripheral  calicos  numbered  in  tiie  order  of  their  develop- 
ment.    X  Z\. 

Fig.  2.    The  same ;  side  view. 

Lower  Helderberg  Group.     Albany  County,  New  York. 
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Plate  Xn. 
Pleurodiciyum  lerUicuiare, 
Fig.  1.    Outline  of  upper  side  of  specimen  with  eight  peripheral  calioefl.     x  3|. 
Fig.  2.    Upper  side  of  symmetrical  specimen ;  showing  general  features  of  aJisn. 
mural  pores  in  oentral  oorallite,  and  thickened  epithecal  border.     ^  3f 
Lower  Helderberg  Group.    Albany  County,  New  York. 

Plate  Xm. 
Pleurodiciyum  leniiculare. 
Fig.  1.    Galical  diagram  of  geratologic  specimen;    showing  enlargement  of  •eoad, 
fourth,  and  eighth  corallites,  and  the  addition  of  tertaarr  cells,  formiig  i 
second  series  of  peripheral  calices.     x  3|. 
Lower  Helderberg  Group.     Albany  Oounty,  New  York, 

Pleurodictyum  problematicum. 
Fig.  2.  Lower  side  of  cast  of  corallum  with  epitheca  removed;  showing  poxi^ 
extremities  of  several  corallites.  Upper  edge  of  figure  repref^ents  porOM 
of  periphery  of  corallum.  Thus,  lower  angle  of  each  coralUle  reprwwtt 
the  point  of  budding  from  parent  cell,  and  is  connected  with  it  br  a  poR, 
shown  for  three  of  the  corallites  by  dotted  lines  from  p.  It  wifl  be 
noticed  that  all  the  pores  in  the  angles  are  larger  than  the  oth^Bi  Other- 
wise, these  and  the  initial  pores  cannot  be  distinguished  from  the  onfiarj 
mural  pores  between  the  flat  sides  of  the  corallites.  x  7. 
Devonian.    Pelnij  Germany. 

Favosiies  epidermaktaf 
Fig.  3.    Side  view  of  mature  corallite  with  attached  intennural  bud.     ^leciawi 

broken  from  interior  of  a  large  colony,     x  3|. 
Fig.  4.    The  same  front  view,  with  bud  removed ;  showing  pore  or  mnral  opeoiBf  {f) 
at  lower  point  of  attachment  of  bud,  corresponding  to  those  indkaled  b 
figure  2.     X  Sf 
Comiferous  limestone.     Cherry  Valley^  New  York, 


XIII. — Stmmktrical  Cell  Development  in  the  Favositid-«. 
By  Charles  E.  Beechbb.     (With  Plates  XIV,  XV.) 

The  majority  of  compound  corals  included  in  the  JPavoaitidce  are 
composed  of  polygonal,  prismatic  cells  or  corallites  in  juxtaposition. 
When,  however,  these  cells  become  free,  their  form  is  cylindrical. 
The  polygonal  form  of  closely  arranged  cells  is  therefore  explained 
as  the  natural  result  of  crowding. 

The  species  Pleurodictyum  lenticulare,  EEall,  sp.,  is  an  example  of 
simple  cell  growth  and  multiplication.  In  the  development  of  this 
species,  as  shown  by  the  writer  in  the  previous  paper,  the  initial 
corallite  is  first  conical.  The  growth  of  a  peripheral  series  of  buds 
results  in  changing  the  sub-circular  section  of  the  parent  corallite 
into  a  polygon.  The  buds  are  angular  on  the  sides  in  juxtaposition 
to  the  parent  cell  and  adjacent  buds,  but  on  the  free  portion  of  their 
periphery  they  are  cylindrical.  The  subsequent  growth  of  peri- 
pheral buds  brings  the  first  series  wholly  within  the  corallum,  and 
they  are  then  polygonal  in  section  like  the  parent  corallite. 

In  compact  corals  with  long  cell  tubes,  as  Michelinia  and  Mtvoaites, 
there  is  a  maximum  limit  to  the  size  of  the  corallites.  Thus,  the 
form  of  the  cells  which  have  reached  this  limit  of  diametral  exten- 
sion is  that  of  equal  hexagonal  prisms.  This  is  of  course  due  to  the 
well  known  fact  of  six  equal  tangent  circles  about  a  central  circle  of 
the  same  size.  Then  from  crowding,  or  from  the  elimination  of  the 
interstitial  spaces,  they  assume  a  regular  hexagonal  form.  The 
specimen  of  Cleistopora  geometrical  illustrated  by  Edwards  and 
Haime,*  represents  the  maximum  size  of  the  cells  and  their  equal 
development  in  this  species.  Although  the  tubes  are  not  long,  the 
calices  are  nearly  of  the  same  size,  and  regularly  hexagonal. 

After  the  completion  of  a  circle  of  calices  about  the  parent  cell  of 
the  corallum,  enlargement  takes  place,  (1)  by  buds  from  the  peri- 
phery, and  (2)  by  intermural  gemmation.  The  first  is  not  attended 
by  any  phenomena  differing  from  the  production  of  the  primary 
circlet  of  calices  about  the  initial  cell.  The  second  takes  place 
under  other  conditions,  and  is  the  chief  method  of  increase  in  the 
growth  of  large  corallums  having  numerous  corallites. 

*  Monographie  des  PolTpiere  Fossites  des  TerraiDes  Po/ceosot^uea,  p.  252,  pi.  17,  fig. 
3.     1851. 
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The  radial  arrangement  of  the  tubes  in  a  large  henuBpherical  or 
cylindrical  mass  tends  to  make  the  axes  of  the  oorallites  diverge. 
This  divergence  can  be  taken  up  only  by  an  increase  in  the  diameters 
of  the  tubes,  or  by  the  addition  of  new  calices  between  the  others. 
The  latter  mode  is  called  intermural  genunation.  In  Favositee  and 
allied  genera,  the  maximum  size  of  the  corallites  is  soon  reached, 
and  the  expansion  of  the  coral  is  mainly  derived  from  intermural 
growth.  The  study  of  this  method  of  increase,  properly  begins 
after  one  or  more  rows  of  calices  have  been  developed  about  the 
parent  cell,  and  the  calices  have  reached  their  full  dimensions. 

The  following  description  of  a  symmetrical  system  of  intermural 
cell  multiplication  was  observed  in  a  hemispherical  specimen  of 
Michelinia  eonvexa,  D'Orbigny,  from  the  Comiferous  limestone  of 
the  Falls  of  the  Ohio.  It  shows  very  clearly  the  stages  of  develop- 
ment of  the  interstitial  buds,  and  their  modifications.  Other  corals 
were  examined  to  the  same  end,  «nd  were  found  to  agree  in  all 
essential  particulars,  whenever  their  growth  was  not  irregular  from 
their  condition  of  fixation,  or  from  the  excessive  development  or 
death  of  a  number  of  the  corallites.  An  exact  number  of  peripheral 
buds  is  not  necessary  to  illustrate  the  general  laws  of  intermural 
growth.  The  buds  produced  from  any  given  cell  cannot  always 
agree  with  symmetrical  method  here  described,  on  account  of  the 
crowding  of  similar  series  from  adjacent  or  neighboring  corallites. 
After  eliminating  these  variations,  it  was  found  that  the  process  of 
intermural  gemmation  in  general  is  quite  uniform,  and  closely  con* 
forms  to  that  in  Michelinia  eonvexa, 

Plate  XIY,  figure  1,  represents  diagrammatically  the  top  of  a  coral- 
lum  composed  of  a  central  parent  cell  and  six  equal  peripheral  buds, 
making  seven  nearly  equal  calices  in  the  corallum.  The  upward 
growth  of  these  corallites  and  the  divergence  due  to  the  direction  of 
their  axes  tend  to  separate  them  from  the  parent  cell.  In  conse- 
quence of  this  separation  of  the  corallites,  they  would  naturally 
assume  a  cylindrical  form,  and  there  would  thus  appear  triangular 
interspaces  between  the  tangent  points  of  any  three  adjacent  calices. 
These  angles,  therefore,  afford  the  only  opportunities  for  the  intro- 
duction of  a  set  of  intermural  buds,  and  their  initial  triangular  form 
is  determined  by  the  conditions  of  growth.  The  smallest  number  of 
buds  which  can  be  symmetrically  placed  and  compensate  for  the 
divergence  of  the  corallites  is  three,  one  from  each  alternate  angle 
of  the  hexagon,  Plate  XIV,  figure  2, 
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If  these  interstitial  cells  were  to  grow  without  the  introduction  of 
others,  until  the  original  peripheral  series  was  completely  separated 
from  the  parent  or  central  cell,  there  would  result  a  corallum  con- 
taining only  triangular  corallites.  There  is,  however,  a  manifest 
tendency  of  the  organism  to  the  production  and  maintenance  of  a 
cylindrical  form,  or  of  a  prism  with  nearly  equal  radial  axes,  as  in  a 
hexagonal  or  polygonal  prism.  To  accomplish  this,  and  further  to 
take  up  the  divergence  of  the  corallites,  three  new  interstitial  huds 
are  introduced  at  the  remaining  three  unmodified  angles,  as  shown 
in  figure  3.  At  this  stage,  there  are  six  symmetrically  disposed 
triangular  buds,  or  intermural  cells,  about  the  central  corallite, 
truncating  its  original  angles,  and  making  it  a  twelve  sided  prism. 
This  stage  is  the  third  toward  the  formation  of  a  series  of  mature 
interstitial  calices. 

During  the  third  stage,  the  intermural  buds  increase  in  size  until 
they  completely  surround  the  parent  cell.  Then  further  growth 
truncates  their  adjacent  angles,  thus  adding  two  more  sides  to  each 
bad,  making  them  pentagonal  in  section.  This  marks  the  fourth 
stage  of  intermural  growth.  At  the  same  time,  the  central  corallite 
loses  six  of  its  sides,  and  returns  to  its  early  hexagonal  form.  The 
axes  have  revolved  30^,  and  the  original  sides  have  now  become  the 
angles  of  the  corallite,  Plate  XIY,  figure  4. 

At  this  period  of  growth,  it  is  necessary  to  consider  a  series  of 
buds  on  the  periphery  of  the  corallum,  marked  1",  2",  etc.,  in  Plate 
XIV,  figures  3  and  4.  They  are  first  triangular  in  form  like  the  others, 
and  of  two  sizes,  owing  to  their  different  ages.  The  growth  of  this 
series  continues  until  they  touch  and  truncate  the  angles  of  the  first 
series  (1',  2',  etc.),  producing  the  fifth  condition  or  stage.  The  first 
series  of  buds  has  now  three  hexagonal  and  three  pentagonal  coral- 
Utes,  Plate  XIV,  figure  5. 

In  the  last  or  sixth  stage,  figure  6,  the  further  growth  of  all  the 
intermural  cells  results  in  a  corallum  of  nineteen  nearly  equal  hexa- 
gonal corallites.  The  original  parent  cell  (1)  is  at  the  center,  the 
first  six  intermural  cells  (!',  2',  etc.)  completely  surround  it,  and  the 
six  new  peripheral  corallites  (1",  2",  etc.)  are  interposed  between  the 
members  of  the  original  circlet  (1,  2,  etc.).  The  effect  of  this  inter- 
maral  growth,  then,  is  to  dissociate  all  the  first  series  of  corallites 
from  the  parent  cell  and  from  each  other. 

The  changes  taking  place  in  the  number  and  form  of  the  cells 
may  be  tabulated  as  fpllows  : 
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stages. 


I  JTambcr  oTKnalMr  of 

Form  of  prloMry  cell,  i  Whole  No.  intennvrsi     iMee  of 
of  cells.  I      bade.  lMi4i. 


Nepionic. 
jFirst  completed  nea- 
'  logic  or  first  con- 
dition requisite  to 
I  intermural  gem- 
I     mation.  ' 

2d  stage. 

3d  stage. 

I  4th  sUge.         I 


5th  stage. 
6th  stage. 


cone. 


6  sided  prism. 

9  sided  prism. 

12  sided  prism. 

6  sided  prism. 


6  sided  prisoL 
6  sided  prism. 


1 

11 
16 

19 


19 


19 


Buds  are  developed  in  JFlavosites  and  Michelinia  whenever  th«t 
is  a  space  or  opportunity  for  their  growth,  unless  the  oorallam  » 
affected  by  some  abnormal  condition.  If  this  tendency  to  fom  a 
solid  mass  of  corallites  were  not  so  strong,  and  if  the  process  of 
budding  took  place  only  at  comparatively  remote  interrala,  tht 
corallum  would  have  the  form  of  Homingeria.  It  is  evident  m 
JUichelinia  convexa,  that  if  the  divergence  of  the  condliies  wu 
considerable  and  not  wholly  filled  by  intermural  growths,  ih^n 
would  result  a  verticil  of  corallites  about  the  parent  cell  which 
would  soon  become  free.  The  peripheral  corallites,  also,  would  be- 
come separated.  Then  after  further  growth,  the  parent  ceD  wodd 
give  off  aoother  verticil  of  buds,  the  other  corallites,  likewise, 
develop  similar  verticils,  and  the  whole  form  and  mode  of  growth 
be  like  that  of  Homingeria.  From  this  point  of  view,  Bomingtria 
may  represent  an  early  form  of  symmetrical  cell  development  in  tk« 
poriferous  corals.  The  acceleration  of  the  periods  of  gemmatioii, 
and  consequent  approximation  of  the  corallites  carrying  their  ver- 
ticils of  buds,  would  produce  all  the  conditions  of  cell  growth  ind 
intermural  gemmation  exhibited  by  FavosiUe  or  MieheUnia, 


Summary  : — The  growth  of  intermural  buds  compensates  for  the 
natural  divergence  of  the  corallites.  New  cells  are  introdocrd 
whenever  the  old  corallites  have  reached  their  maximum  sixe,  aad 
when  their  divergence  approaches  a  separation  of  the  cell  tobec. 

The  form  of  the  buds  is  first  that  of  a  triangular  pyramid  or  prioB, 
and  is  due  to  the  mechanical  conditions  of  growth.     During  rabte- 
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quent  increase^  they  touch  and  truncate  each  other,  changing  from 
triangular  to  five-  and  six-sided  prisms.  Complete  symmetrical 
normal  development  produces  a  corallum  with  equal  hexagonal 
calices.  The  process  of  intermural  gemmation  changes  the  sides 
of  the  parent  cells  to  angles,  and  the  older  corallites,  originally  in 
jaxtaposition,  hecome  separated  from  each  other  by  new  series  of 
interstitial  calices. 
Tale  Museum,  New  Haven,  Codd.|  May  20th,  1891. 


EXPLANATION  OF  PLATES. 
Plati  XIV. 

MichtMnia  ctmvepca. 

Pig.  1.    Diagrammatic  representation  of  upper  surface  of  oorallum ;    consisting  of 

parent  cell,  A,  and  six  peripheral  corallites,  l,  2,  3,  eta 
Fig.  2.    The  same ;  showing  the  introduction  of  three  triangular  intermural  huds, 

l',2',  3',  etc. 
Hg.  3.    Third  condition;  with  six  triangular  huds  about  the  parent  corallite,  and 

three  on  the  periphery  of  the  corallum. 
Fig.  4.    Top  of  corallum ;  showing  further  growth  of  preceding  corallites,  with  the 

addition  of  three  peripheral  calices,  4',  6',  6*. 
Fig.  5.    The  same  during  a  succeeding  stage ;  showing  increase  in  size  of  corallites, 

and  modifications  produced. 
Fig.  6.    Completed  growth  of  first  system  of  intermural  gemmation;  showing  disso- 

ciation  of  original  series  of  corallites  (A,  1,  2,  3,  etc.),  and  representing  condition 

preparatory  for  new  series  of  interstitial  corallites. 

All  figures  natural  size. 

PULTl  XV. 

Mkhdinia  convexa. 
Fig.  7.  Development  of  a  group  of  corallites  from  initial  conical  cell  to  corallum 
with  nineteen  calices.  The  figure  represents  parallel  horizontal  sections  through 
the  corallum ;  showing  the  number  and  form  of  the  calices,  their  order  of  devel* 
opment,  and  the  modifications  taking  place  during  growth.  The  parent  cell  is 
marked  A;  first  series  of  calices,  1,  2,  3,  etc.;  first  series  of  intermural  buds, 
1',  2^  3^,  etc ;  peripheral  series,  T,  2%  3',  eta  Notation  corresponds  with  that 
of  preceding  plate. 
Natural  sise. 
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J.  H.  Emebton. 

The  Attidse  are  distinguished  by  a  peculiar  arrangement  of  the 
eyes.  The  front  of  the  head  is  wide  and  square  and  the  front  row 
of  eyes  directed  forward  and  nearly  straight  or  with  the  lateral  pair 
a  little  the  highest.  The  front  middle  pair  are  larger  than  the 
others  and  often  much  larger,  so  that  at  first  sight  the  spider  appears 
to  have  but  two  eyes.  Behind  the  lateral  eyes  of  the  front  row  are 
two  very  small  eyes  and  still  farther  back,  often  near  the  middle  of 
the  cephalothoraz,  are  two  others  a  little  larger,  sometimes  as  large  as 
the  front  lateral  pair.    jSee  figures  on  Plates  XYII  and  XVIII. 

The  relative  length  of  the  legs  is  very  variable.  The  fourth  pair 
is  usually  the  longest,  but  often  the  first,  and  even  in  some  species 
the  third  pair.  The  legs  of  the  first  pair  are  usually  thickened,  and 
often  those  of  the  second  pair.  Most  species  can  jump  a  considerable 
distance  and  this  seems  to  be  done  from  all  the  legs  at  once  and  does 
not  depend  on  their  relative  length  or  size.  The  feet  have  two 
claws,  generally  long  and  with  many  small  teeth,  and,  under  the 
claws,  a  bunch  of  long  hairs.  The  colors  of  the  Attidse  are  gen- 
erally bright  and  of  great  variety.  They  are  partly  caused  by 
colored  scales  and  hairs  which  in  some  species  cover  the  whole  body 
and  in  others  are  so  small  that  the  color  of  the  skin  shows  between 
them.  The  scales  are  usually  long  and  narrow  like  flattened  or 
branched  hairs,  PL  XVI,  figs,  1;,  Ik^  others,  especially  those  forming 
the  white  spots,  are  short  and  flat,  fig.  5d,  Some  of  the  scales  of  many 
specie^  have  a  metallic  luster  and  their  color  changes  with  the  direc- 
tion of  the  light.  As  spiders  become  older  part  of  their  scales  rub 
off  and  so  change  their  color.  In  alcohol  great  changes  in  color  take 
place.  The  wetting  of  the  scales  makes  them  transparent  and  the 
colors  of  the  skin  show  through  them.  For  this  reason  the  front  of 
the  head  and  around  the  eyes  is  black  or  dark  colored  in  most  species 
in  alcohol  while  the  same  parts  in  life  are  covered  with  white  or 
light  colored  scales.  PL  XVII,  figs.  2,  2a.  Some  species  that  are 
yellow  or  brown  when  alive  turn  red  in  alcohol  as  DendrypIiafUea 
militaris  and  cestivalis. 

The  northern  AttidaB,  like  the  Drassidae,  are  generally  of  middle 
size,  none  of  them  being  as  large  as  the  larger  Lycosidae  and  Epeiridse, 
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or  ae  small  as  a  large  part  of  the  Therididse.  Some  species  live  on 
the  ground  and  under  stones  and  leaves  but  most  of  them  on  plants 
and  in  open  places.  They  make  no  webs  except  nests  in  which  they 
hide  in  winter,  or  when  moulting  or  laying  eggs.  The  pairing  of 
some  species  takes  place  in  the  nest,  and  the  males  of  several  of  them 
enter  the  nest  of  a  young  female  and  wait  for  her  to  mature.  The 
habits  of  the  Attidse,  especially  the  fighting  and  mating  habits  of 
many  species,  have  been  described  by  G.  W.  and  E.  G.  Peckham,  in 
the  papers  of  the  Wisconsin  Nat.  Hist.  Society  of  1889  and  1890. 

The  palpi  of  the  males  are  less  variable  than  in  most  families. 
They  are  usually  stout  and  short  with  a  short  tibial  hook  and  short 
tube  to  the  palpal  organ,  the  end  of  the  tube  resting  in  a  groove  in 
the  end  of  the  tarsus.  The  end  of  the  tarsus  is  obliquely  flattened 
and  covered  closely  with  short  fine  hairs. 

A  large  number  of  the  American  AttidsB  have  been  described. 
HentK  described  some  forty  species  under  fifty-one  names.  Many  of 
these  are  comparatively  easy  to  identify  but  as  with  other  f anulies 
probably  a  quarter  of  them  will  always  remain  uncertain. 

The  species  described  by  Walckenaer  and  Koch  are  even  more 
uncertain  than  those  of  Hentz.  A  considerable  number  of  them  are 
very  probably  the  same  as  species  described  here  and  in  the  papers 
of  Mr.  Peckham,  but  the  descriptions  and  figures  are  in  most  cases 
too  indefinite  to  be  identified. 

The  spiders  described  by  Keyserling,  in  1885,  are,  most  of  them, 
in  the  Museum  of  Comparative  Zoology,  at  Cambridge,  Mass.,  and  I 
have  examined  and  identified  most  of  them.  More  species  have 
lately  been  described  by  G.  W.  Peckham  and  Mrs.  Peckham,  who 
have  made  a  specialty  of  this  family,  in  the  Transactions  of  the 
Wisconsin  Academy  of  Sciences  for  1888.  I  have  compared  speci- 
mens of  these  species  with  my  own.  I  have  also  had  for  comparison 
SL  number  of  European  Attidse  named  for  me  by  Mr.  Simon.  The 
olasfiification  of  the  American  AttidoB  needs  a  more  thorough  revision 
than  can  be  undertaken  in  a  paper  dealing  with  so  small  a  number 
of  species  as  the  present  and  it  will  no  doubt  soon  be  done  by  Mr. 
I^eckham.  The  classification  of  Simon  as  modified  by  Peckham  has 
l>een  followed  as  far  as  possible. 

The  species  are  included  in  the  following  genera : 

JPhidippus  Koch.     Large  hairy  spiders.     Mandibles    large    and 

strong  and  longer  than   the    front    of    the  head.     Cephalothorax 

-viridened  across  the  middle.     Anterior  row   of  eyes  comparatively 

small  and  a  little  separated  from  one  another,  the  lateral  higher  than 
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the  front  pair.  Middle  eyes  nearer  the  lateral  than  the  dorsal.  Legs 
short  and  stout  4,  1,  2,  3  in  females  and  1,  4,  2,  3  in  males.  Males 
with  longer  legs  and  deeper  colors  than  females.  Male  palpi  with  a 
short  tibial  hook  and  short  tube  of  the  palpal  organ.  •  P.  rufuSy  rtther^ 
brunnenSy  mf/staceuSj  tripunctcUuSy  page  224  to  228. 

Dendryphantes  Koch.  Hairy  spiders  of  moderate  size.  Front 
row  of  eyes  large  and  short  distances  apart,  the  lateral  only  a  little 
higher  than  the  front  pair.  Middle  eyes  half  way  between  the 
lateral  and  dorsal  or  a  little  nearer  the  lateral.  Mandibles  large  and 
strong)  those  of  the  males  spreading  a  little  apart  and  having  a  sharp 
edge  on  the  outer  side.  Legs  4,  1,  2,  3  in  females  and  1,  4,  2,  3  in 
males.  Colors  of  the  sexes  very  different.  Females  brown  and 
gray,  indistinctly  marked.  Males  darker  brown  with  bright  white 
markings,  color  of  skin  changing  to  red  in  alcohol.  D.  milUariSy 
mofUanuSy  CMtivcUiSy  page  226  to  230. 

leius  Simon.  I  use  this  genus  as  it  has  been  used  by  Keyserling 
and  Peckham  to  include  several  species  that  must  soon  be  separated 
into  two  or  three  genera.  Z  mttrattu  and  palmarun  resemble  Den- 
dryphafUe8y  but  have  the  cephalothorax  more  flattened,  the  abdomen 
narrower  and  longer,  and  the  front  legs  of  the  males  more  elongated. 
The  other  species  approach  ^j^iblemum  and  Menemerua,  They  have 
the  cephalothorax  elongated,  the  colors  dark  and  the  hairs  and  scales 
very  small  and  partly  iridescent.  The  legs  are  marked  with  longitu- 
dinal lines  and  the  front  pair  much  elongated.  Z  palmaruniy  mitra- 
tu8y  eleganSy  hartiiy  formicaritiSy  page  232  to  286. 

Marptusa  ThoreW  z::  Marpissa  Simon.  Cephalothorax  and  abdo- 
men much  flattened  and  both  widest  across  the  middle.  Cephalo- 
thorax very  low  in  front,  the  front  eyes  touching  its  lower  edge. 
Lateral  eyes  half  their  diameter  from  the  front  pair.  Mandibles 
small.  Legs  4,  1,  2,  3,  in  females  and  1,  4,  2,  3,  in  males.  M.  /a- 
miliariSy  p.  237. 

B^iblemufn  Hentz  =  Calliethera  Koch  and  Simon.  Cephalothorax 
more  than  half  longer  than  wide,  a  little  widened  in  the  middle  and 
depressed  in  the  middle  between  the  cephalic  and  thoracic  parts. 
Abdomen  oval,  not  much  longer  than  the  cephalothorax.  Legs 
4,  1,  2,  8,  in  females  and  1,  4,  2,  3,  in  males.  Mandibles  of  the  males 
elongated  and  turned  forward.  Distinct  white  markings  on  cephalo- 
thorax and  abdomen.     JS.  scenicumy  page  238. 

Metiemerus  Simon.  Cephalothorax  half  longer  than  wide,  widest 
a  little  behind  the  middle,  flattened  above,  and  with  a  deep  groove 
across  the  middle.  Legs  4,  1,  2,  3,  or  1,  4,  2,  3,  front  legs  thickened. 
Colors  in  longitudinal  stripes.     M.  binus,  lineiJUuSy  page  239. 
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Masvia  Koch.  Cephalothorax  high  and  wide,  but  little  widened 
in  the  middle.  Mandibles  small.  Legs  long,  slender  and  taperinjg, 
differing  little  in  length,  4,  1,  2,  3.  Hairs  and  scales  short  and  colors 
bright.     M.  viUata^  page  236. 

ZygobaUua  Peckham.  Cephalothorax  high.  Eye  space  nearly  as 
long  as  wide  and  widest  behind.  Dorsal  eyes  very  high  and  wide 
apart.  Mandibles  large  in  both  sexes,  those  of  males  with  spines  on 
the  inner  and  under  sides.  Legs  4,  1,  2,  3  and  1,  4,  2,  3.  Z.  beUiniy 
terreUriSy  page  230,  231. 

Fhiegra  Simon.  Cephalothorax  long  with  the  cephalic  part  short, 
about  half  as  long  as  the  thoracic.  Lateral  eyes  higher  than  the 
front  pair.  First  and  second  legs  short  and  thickened.  Legs  4,  3, 
1,  2  or  4,  1,  3,  2.  Markings  in  longitudinal  lines.  P.  leoparduBy 
page  242. 

Ma$ariu8  Simon.  Cephalothorax  a  third  longer  than  wide,  widest 
in  the  middle  and  flat  above.  Abdomen  larger  than  cephalothorax, 
widest  across  the  middle,  and  pointed  behind.  Dorsal  eyes  as  far 
apart  as  lateral.  Legs  of  third  and  fourth  pairs  of  equal  length. 
First  or  fourth  pair  longest.  The  cephalothorax  has  usually  a  band 
of  light  color  across  the  middle  behind  the  eyes.     Hi  hoyiy  page  243. 

HdUfroceatum  Simon.  Cephalothorax  high,  longer  than  in  Attus 
and  the  dorsal  eyes  farther  back.  Colors  black  and  white  in  females 
and  bright  and  iridescent  in  males.  Third  legs  longest.  H.  splen- 
<kn$,  peregrmum,  page  244,  245. 

AUu8  Walck.,  Simon.  Cephalothorax  nearly  as  wide  as  long, 
widest  in  the  middle.  Eye  space  two-thirds  as  long  as  wide.  Dorsal 
eyes  as  far  apart  as  the  lateral.  Third  legs  shortest.  Fourth  legs 
longest  in  females  and  usually  in  males.  A.  palttstris,  aylvestriSy 
page  247. 

Saitis  Simon.  Small  spiders  with  the  cephalothorax  long  and 
widest  behind.  Dorsal  eyes  nearer  together  than  the  front  lateral. 
Abdomen  short  and  wider  than  the  cephalothorax.  Third  legs  as 
long  as  fourth  and  longer  than  first.     S,  pulex^  page  246. 

Euophrya  Koch,  Simon.  Cephalothorax  low  and  wide  in  front, 
long  and  with  the  sides  almost  parallel.  Legs  4,  1,  2,  3,  first  and 
second  pairs  thickened.  Hairs  short  and  skin  in  the  females  marked 
with  gray  and  brown  spots  like  Tegenaria.  Males  darker  colored. 
Some  species  with  long  hairs  and  scales  and  markings  like  Attus. 
R  mwiadnocky  page  241. 

Ifeon  Simon.  Small  spiders  with  large  eyes ;  the  dorsal  pair  as 
large  as  the  lateral  and  nearer  the  back  than  the  front  of  the  cepha- 
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lothorax.  Hairs  short  and  skin  marked  with  gray  spots.  N,  neUii.^ 
page  240. 

The  three  following  genera  are  ant-like  in  general  appearance. 
They  are  long  and  narrow.  The  pedicel  of  the  abdomen  is  long  and 
visible  from  above.  Abdomen  and  cephalothorax  each  with  a  depres- 
sion near  the  middle  ;  legs  slender. 

Synagelea  Simon.  Dorsal  eyes  as  far  back  as  the  middle  of  the 
cephalothorax.  Transverse  depression  very  slight.  Cephalothorax 
flattened  above,  the  hinder  half  narrowing  slightly  backward.  S. 
picata,  p&ge  250. 

SaUicus  Latreille,  Simon.  Cephalic  part  of  cephalothorax  higher 
than  the  thoracic.  Mandibles  large.  Palpi  of  females  with  tibia 
and  tarsus  thickened.     S.  ephippiatuSy  page  249. 

Synemosyna  Hentz.  Very  long  and  narrow.  Depressions  in 
cephalothorax  and  abdomen  deep.  Cephalothorax  and  abdomen  both 
narrowed  toward  the  pedicel.  Middle  eyes  very  large ;  the  others 
all  small.     S,  formica^  page  248. 

Phidippus  multifonnis,  new  sp. 

Fkidippus  rufua  Peckham,  but  not  Attus  rufua  Heotz,  nor  A,  castaneus  Hentz,  nor 
Phidippus  ruber  (Keyaerling)  Peckham.  Keyserling  has  named  this  species  Phv- 
dippus  auctua  Koch  in  the  Cambridge  museum. 

The  female  is  8  to  G"*"  long,  the  male  6  to  7"".  The  general  color 
of  the  adult  female  is  yellowish  brown  with  black  and  white  mark- 
ings. Around  the  front  of  the  abdomen  is  a  white  band,  and  on  the 
back  are  two  indistinct  longitudinal  black  stripes  in  which  are  four 
pairs  of  white  spots.  The  general  brown  color  is  produced  by  a 
mixture  of  scales  and  hairs  of  various  colors.  The  females  are  most 
brightly  colored  just  before  reaching  maturity.  The  general  color  is 
then  a  bright  orange,  mixed  with  darker  red  and  brown  scales  and 
black  hairs.  The  cephalothorax  is  covered  with  yellow  scales  inclin- 
ing to  red  in  the  middle  of  the  back.  The  black  stripes  on  the 
abdomen  are  more  distinct  and  the  white  spots  larger.  PI.  XVI, 
fig.  \b.  The  legs  are  pale  in  the  middle  of  the  joints  and  dark  toward 
the  ends  and  covered  with  gray  and  black  hairs.  The  palpi  are  yel- 
low. The  hairs  and  scales  are  of  various  shapes,  the  most  common 
being  that  of  slightly  flattened  hairs,  fig.  1/.  These,  with  black 
hairs,  form  the  darker  colors.  The  yellow  and  orange  scales  are 
wider  and  less  sharply  pointed,  fig.  lA:,  and  the  white  spots  have 
short  and  wide  scales.  Under  the  abdomen  the  color  is  light  gray 
with   two  parallel  darker  stripes.     In  younger  spiders  the  black 
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uiArkuigs  of  the  abdomen  are  larger  and  the  white  markings  of  the 
hinder  half  larger  and  wider.  The  yellow  parts  are  paler  and  the 
jointe  of  the  legs  are  less  darkened  toward  the  ends.  In  very  young, 
just  after  leaving  the  cocoon,  fig.  Irf,  the  legs  are  entirely  pale, 
exoept  the  claws,  which  are  black;  the  cephalothorax  is  black  with  a 
few  yellow  scales.  The  abdomen,  which  is  very  short,  is  black  with 
a  yellow  marking  along  the  middle  and  around  the  front  half.  The 
tw^o  hinder  pairs  of  white  spots  are  twice  as  wide  as  long,  and  the 
o^er  pair  are  very  small. 

In  alcohol  the  orange  color  disappears  almost  entirely.  The  palpi 
remain  light  yellow  and  the  colors  of  the  legs  become  lighter  and 
darker  shades  of  yellowish  brown.  The  cephalothorax  is  dark  brown, 
darker  on  the  head,  and  the  abdomen  becomes  brown  with  the  black 
and  white  markings  still  distinct  but  faded. 

The  colors  of  the  male  are  entirely  different  from  those  of  the 
female,  fig.  la.  The  cephalothorax  and  legs  to  the  end  of  the  tibia 
are  black.  The  metatarsus  and  tarsus  of  all  the  legs  are  reddish  brown 
with  black  ends.  The  palpi  are  black  with  a  stripe  of  white  scales 
on  the  upper  side  of  patella,  tibia  and  half  of  the  tarsus.  Abdomen 
black  beneath  and  in  the  middle  above.  Around  the  front  end  is  a 
white  stripe.  The  sides  of  the  top  of  the  abdomen  are  bright  orange 
and  between  the  orange  and  black  areas  are  three  pairs  of  white 
spots.  In  the  middle  of  the  black  area  is  a  lighter  stripe  of  yellowish 
iridescent  scales  which,  in  some  lights,  can  not  be  easily  seen,  and 
may  he  absent  altogether. 

The  epigynum  has  a  round  opening  in  front  with  the  sides  slightly 
darkened  and  toothed.  The  hinder  notch  is  rounded  but  variable  in 
shape.     PI.  I,  fig.  Uy  1/ 

The  male  palpus  has  the  tibial  hook,  small  and  sharp.     Fig.  lA,  U, 

This  is  one  of  the  most  common  Attidse  on  plants  throughout  the 
summer.  It  matures  in  July  and  the  males  and  females  may  be  found 
tx>^ther  in  a  bag  of  silk  among  leaves,  and  in  the  same  bag  the 
female  makes  her  cocoon  of  eggs,  from  which  the  young  come  out  in 
.A^u^st  and  become  half  grown  before  winter. 

Mt.  Washington  and  Dublin,  N.  H.,  Eastern  Massachusetts,  New 
[Baven,  Conn. 

IPhidippns  brunneus,  new  sp. 

This  spider  closely  resembles  P.  multiformis,  and  1  supposed  it  to  be 
Sfc  variety  of  that  species*  The  size  is  the  same  and  it  has  indistinctly 
^Ime  same  markings  on  the  abdomen  in  some  individuals.     The  differ^ 
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ences  are  in  the  oolor  and  the  epigynum.  The  color  in  life  is  reddish 
hrown,  covered  with  gray  and  black  hairs  and  small  gray  scales  not 
close  enough  to  coyer  the  skin.  The  cephalothorax  is  a  little  darker 
brown  than  the  abdomen.  The  abdominal  markings  are  indistinct  in 
some  individuals,  and  in  most  entirely  absent.  The  legs  are  more 
uniformly  colored  than  in  P,  ru/uSy  the  ends  of  the  joints  being  less 
distinctly  darkened.  The  epigynum,  PI.  I,  fig.  2,  is  more  distinct 
than  in  muUiformiSy  the  dark  thickened  edges  of  the  anterior  opening 
are  longer  and  the  opening  is  divided  in  front  by  a  thick  brown 
middle  line  into  two. 
Salem  and  Waltham,  Mass. 

PhldippUS  niber  Keys,  not  F.  rufits  Peckham. 

This  species  is  known  to  me  principally  by  the  males.  These  are 
6  or  7""  long.  The  cephalothorax  and  abdomen  are  bright  orange 
above  and  black  beneath.  The  abdomen  is  covered  with  large 
orange  scales  lighter  colored  than  those  of  the  cephalothorax  and 
mixed  with  the  scales  are  long  black  hairs.  On  the  hinder  half  of 
the  abdomen  are  two  distinct  black  longitudinal  stripes  in  which  are 
two  pairs  of  white  spots.  PI.  XV,  fig.  4.  These  markings  vary  in 
size  and  in  one  male  are  almost  covered  by  orange  scales.  The 
femora  of  all  the  legs  and  tibia  of  first  pair  are  black,  the  other  joints 
orange  brown,  darker  or  black  toward  the  tips.  The  male  palpi  have 
the  tibial  hook  flat  and  round  at  the  end.     Fig.  4^,  4c. 

The  female  which  I  suppose  to  belong  to  this  species  is  9""  long. 
The  abdomen  is  covered  with  orange  yellow  scales  and  black  hairs 
finer  and  shorter  than  in  the  male.  There  are  no  black  stripes. 
Around  the  front  of  the  abdomen  is  a  white  stripe.  The  cephalo- 
thorax is  brown  covered  with  orange  scales.  The  legs  are  orange 
brown,  the  front  pair  darkest  and  the  femora  of  all  the  legs  darker 
than  the  other  joints,  all  of  which  are  slightly  darker  toward  the  tip. 
The  mandibles  are  brown  in  both  sexes  and  not  iridescent.  The 
sternum  of  the  female  is  dark,  almost  black,  but  the  abdomen  is  as 
light  beneath  as  it  is  above.  The  epigynum  has  two  small  openings. 
Fig.  4a. 

Female  from  Providence,  R.  I.  Males,  Topsfield,  Mass.,  Sherbom, 
Mass.,  and  House  Island  near  Manchester,  Mass* 
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Phidippus  mystaceuB. 

Atiu8  mystaceus  Hentz,  $  Phidtppus  albonmctUatus  Keys.,  S  P,  pyrpurahu  Keys.,  P. 
galctfhea  Peckham. 

The  largest  of  the  New  England  AttidsB,  females  measuring  12  to 
15""  long.  The  female  is  black,  covered  with  gray  hairs  and  scales 
closely  enough  to  give  the  whole  spider  a  gray  color.  On  the  abdo- 
men are  two  longitudinal  black  stripes  that  do  not  extend  quite  to 
the  front  end  and  in  these  stripes  are  four  pairs  of  bright  white  spots. 
The  front  end  of  the  abdomen  is  crossed  by  a  white  band  that  ex- 
tends back  obliquely  each  side  and  at  the  sides  of  the  abdomen  are 
several  oblique  white  stripes  with  black  edges.  PI.  XVI,  fig.  3. 
The  hairs  of  the  palpi  and  front  of  the  head  under  the  eyes  are  longer 
and  whiter  than  on  other  parts  of  the  body.  Under  the  abdomen  is  a 
middle  dark  line  narrowing  behind,  on  each  side  of  which  is  a  light 
gray  border.  At  the  sides  of  this  are  two  wider  dark  bands  and 
outside  of  them  lighter  gray.  Legs  gray,  not  ringed  but  a  little 
darker  toward  the  ends  of  the  joints. 

In  alcohol  the  general  color  becomes  dark  brown  and  later  reddish 
and  all  the  markings  are  less  distinct. 

The  male  resembles  the  female  but  is  darker  colored.  The  cepha- 
lothorax,  palpi  and  legs  are  black  with  a  few  scattered  white  scales 
and  hairs.  Abdomen  black  beneath.  Back  of  abdomen  with  a 
greenish  white  border  and  a  black  area  in  the  middle  in  which  are 
four  pairs  of  white  spots. 

The  male  palpus  is  large.  The  tarsal  hook  is  nearly  as  long  as  the 
tarsus  and  sharp  and  slightly  curved  at  the  tip.     Fig.  3a,  Zb. 

The  epigynum  has  a  hard  plate  with  two  small  openings  in  front 
and  a  notch  of  various  shapes  behind.     Fig.  3c,  ^d. 

It  lives  under  stones  at  all  seasons.  In  winter  or  when  moulting 
or  laying  eggs  it  hides  in  a  thick  white  bag  of  silk,  in  which  the 
[iocoons  are  made  early  in  the  summer.  The  young  become  nearly 
fall  grown  before  winter.  Adult  males  are  found  from  May  to  July 
ind  adult  females  at  all  seasons. 

Conunon  all  over  New  England.  Peckham  has  not  found  it  in 
WiJKjonsin. 

Phidipptis  tripunctatus. 

AUu8  audax  Hentz,  AUua  tripunctatus  Hentz,  Phidippus  morsiians  Peckham. 

A  large  female  from  Connecticut,  measures  10"""  long  and  they 
ire  usually  8  to  9"".  Peckham  says  western  specimens  are  larger, 
iften  as  long  as  15"". 

Trams.  Conn.  Acad.,  Vol.  VIII.  31  Oct.,  1891. 
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The  color  of  both  sexes  is  black,  with  black  mixed  with  a  few  white 
hairs.  The  legs  are  gray  in  the  middle  of  the  joints  and  black  toward 
the  tips.  The  abdomen  has  a  white  band  around  the  front  and  is 
marked  with  three  large  white  spots,  the  middle  one  corresponding 
to  the  second  pair  in  multiformis  and  mystaceus  and  the  other  two 
to  the  third  pair.  The  other  spots  are  generally  present  in  this  species 
but  so  small  as  not  to  be  readily  noticed.  The  under  side  of  the  body 
is  black  with  two  indistinct  light  stripes  under  the  abdomen.  The 
mandibles  are  metallic  green  and  blue. 

The  males  are  6  or  V*"*"  long  and  colored  like  the  female.  The 
mandibles  have  a  short  blunt  tooth  in  front  over  the  claw.     Fig.  5  a. 

The  male  palpi  have  the  tarsal  hook  pointed  and  turned  down- 
ward. Fig.  5c.  The  palpal  organ  is  wider  at  the  base  than  in  most 
species.     Fig.  56. 

It  lives  under  bark  and  stones,  hibernating  half  grown  in  thick 
silk  nests  and  concealing  its  egg  cocoons  in  the  same  places.  It  is 
common  all  over  the  United  States. 

Dendryphantes  aastivalis  Peckham,  1883. 

D,  capitatua  Peckham,  1885.    Resembles  Attus  capiiatus  and  parvus  Elentz. 

Females  5  or  6™"*  long  and  males  smaller.  There  are  two  varieties 
in  the  colors  of  the  females.  The  light  variety,  PI.  XVII,  fig.  2,  has 
the  light  parts  white  or  light  yellow  and  the  dark  parts  dark  brown 
covered  with  white  hairs  and  scales.  The  cephalothorax  is  dark 
brown  thinly  covered  with  scales  so  that  the  dark  color  shows 
between  them  in  spots.  The  legs  are  light  yellow  and  translucent, 
indistinctly  ringed  with  brown  at  the  base,  and  near  the  tip  of  each 
joint  all  covered  with  greenish  white  hairs.  The  palpi  are  light  and 
without  rings  except  on  the  femur  and  patella.  Abdomen  brighter 
yellow  than  the  thorax  with  four  pairs  of  purplish  brown  spots,  the 
second  pair  largest,  connected  with  a  paler  brown  middle  marking. 
Abdomen  beneath  with  a  purple  brown  stripe  in  the  middle  an<l 
oblique  brown  stripes  at  the  sides.  Sternum,  maxillte  and  mandibles 
light  brown.     Scales  smaller  than  those  of  the  dark  variety. 

The  dark  variety,  fig.  2ft,  is  generally  smaller  and  covered  with 
longer  hairs  and  scales.  The  legs  and  palpi  are  more  distinctly 
ringed  with  dark  brown.  The  dark  spots  on  the  abdomen  are  smaller 
and  more  connected  by  dark  lines  than  in  the  other  variety.  The 
under  side  is  dark  brown. 

In  alcohol  they  become  in  a  few  days  bright  red  in  the  darker 
parts  which  afterward  fade  and  remain  dull  red  for  a  long  time. 
Both  varieties  in  alcohol  look  much  alike. 
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One  of  the  most  common  AttidoB,  living  on  plants,  especially 
evergreen  trees,  all  over  New  England. 

The  colors  of  the  male.  Fig.  2c,  differ  extremely  from  those  of  the 
female.  The  legs  are  ringed  as  in  the  female,  but  the  brown  parts 
are  wider  and  not  obscured  by  white  hairs,  while  the  white  parts  are 
whiter.  The  cephalothorax  is  dark  brown  with  a  white  stripe  each 
side  under  the  eyes,  bending  toward  each  other  behind  but  not  con- 
nected. The  front  of  the  head  is  also  white  and  covered  with  long 
white  hairs.  The  palpi  have  the  femur  dark  brown  at  the  base  and 
white  at  the  end.  The  patella  and  tibia  are  brown  and  the  tarsus  is 
brown  with  white  hairs  on  the  upper  side.  The  abdomen  is  white  in 
front  and  around  the  sides.  The  middle  is  dark  brown  with  a  few 
yellow  and  greenish  scales  in  the  middle.  The  brown  area  is  usually 
notched  at  the  sides  in  four  scallops  and  sometimes  indistinctly 
divided  in  four  pairs  of  spots  as  in  the  female. 

In  the  female  the  cepalothorax  is  a  third  longer  than  wide  and  not 
much  widened  across  the  middle.  In  the  male  the  cephalothorax  is 
only  slightly  wider.  The  mandibles  are  vertical  in  both  sexes  and 
but  little  larger  in  the  male  than  in  the  female. 

The  male  palpi  and  the  palpal  organs  are  large  in  proportion  to  the 
size  of  the  spider.     The  palpal  organ  extends  back  beyond  the  tibia. 
The  tibial  hook  is  very  small.     Fig.   2e.     The  tube  of  the  palpal* 
organ  has  a  stiff  point  at  its  side  a  little  longer  than  the  tube  itself. 
Fig.  2d, 

The  epigynum  has  the  front  opening  small  and  divided  into  two 
directed  sidewise.     Fig.  2/1 

De]idr3rpbantes  montanus,  new  sp. 

Female  7"*™  long,  a  little  smaller  than  militaris,  cephalothorax  as 
long  as  in  milUaris  but  not  as  wide.  Legs  and  mouth  parts  a  little 
more  slender  than  in  militarise  The  markings,  as  far  as  can  be 
judged  from  specimens  in  alcohol,  are  like  those  of  militaris. 

The  male  has  the  cephalothorax  nearly  as  wide  as  long.  PI.  XVII, 
^g.  3a.  The  mandibles  are  as  long  as  in  militaris  but  not  as  stout, 
^g.  Sby  and  the  palpi  are  as  long  and  much  stouter.  The  femora  of 
the  palpi  are  thickened  towards  the  end,  as  in  cestivalis,  and  the  tibia 
and  patella  are  very  short.  The  palpal  organ  is  long,  and  the  tube 
long  and  stout.  Figs.  3(/,  Se,  The  epigynum,  fig.  3c,  has  a  single 
round  opening,  and  a  notch  of  various  shapes,  like  cestivalis, 

Mt.  Washington,  N.  H. 
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Dendryphantes  militaris. 

Attus  militaris  Hentz.     PhUaus  militaria  Peckham. 

Female  7  or  8™'"  long.  The  cephalothorax  is  wide  across  the  mid- 
dle in  both  sexes,  nearly  as  wide  as  long.  The  middle  eyes  are  a 
little  nearer  the  front  lateral  than  the  dorsal  eyes.  The  mandibles  are 
a  little  flattened  in  front,  and  in  the  male,  the  front  onter  comer  over 
the  claw  is  sharp.     PI.  XVII,  fig.  la. 

The  general  color  is  brown,  covered  with  black,  and  a  few  gray 
hairs,  darker  and  browner  than  cBstivalis,  In  alcohol  it  turns  red 
but  not  so  bright  as  oestivalis.  The  cephalothorax  is  brown  in 
the  female,  and  in  the  male  the  same  color,  with  a  white  stripe 
each  side  under  the  eyes.  Fig.  la.  The  abdomen  of  the  female  is 
brown,  with  four  pairs  of  white,  oblique  marks  in  the  middle,  and 
four  at  the  sides.  Fig.  1.  The  front  of  the  abdomen  is  white.  In 
the  male  the  middle  white  spots  are  absent,  and  the  lateral  and  front 
white  marks  are  united  into  a  band  that  extends  nearly  around  the 
abdomen.     Fig.  la. 

The  palpi  of  both  sexes  are  very  slender,  and  the  tarsi  and  palpal 
organs  of  the  male  are  unusually  small  for  so  large  a  spider.  The 
tube  of  the  palpal  organs  is  longer  than  in  cestivalis  and  more  simple. 
,Fig.  Id. 

The  mandibles  of  the  male  are  widened  at  the  end,  and  have  a 
large  two-pointed  tooth  near  the  end  of  the  claw.  The  claw  has  a 
short,  flat  tooth  on  the  inner  side,  near  the  middle.  Fig.  16,  Ic. 
The  epigynum  is  like  that  of  cestivaliSy  but  the  opening  is  wider. 

ZygoballUS  bettini  Peckham. 

A  larger  and  more  slender  species  than  terrestris.  The  body  is 
higher  and  narrower,  the  legs  and  palpi  are  larger,  and  the  compli- 
cated mandibles  of  the  male  are  larger  in  proportion  to  their  thick- 
ness. The  cephalothorax  is  almost  as  high  in  the  middle  as  it  is 
wide,  and  slopes  from  the  hinder  eyes  steeply  backward.  Toward 
the  front  the  slope  is  less,  and  the  front  of  the  head  is  half  as  high 
as  the  hind  pair  of  eyes.  PL  XVII,  fig.  4.  The  abdomen  is  rounded 
above  and  widest  across  the  hinder  half. 

In  life,  the  colors  are  bronze  green  and  yellow,  marked  with  white. 
In  alcohol  the  cephalothorax  is  dark  brown  with  whitish  scales.  The 
abdomen  is  lighter  brown,  sometimes  reddish,  especially  in  speci- 
mens not  long  preserved,  with  white  markings  sometimes  forming  a 
regular  herring-bone  figure   in  the  middle,  and   sometimes  broken 
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into  irregular  dark  and  light  spots.  Around  the  front  is  a  white 
band,  and  there  are  other  slanting  white  stripes  along  the  sides. 

The  femur  of  the  first  pair  of  legs  is  very  dark  brown,  the  other 
joints  white.  The  second  and  third  legs  are  white,  or  only  slightly 
darker  at  the  ends  of  the  joints.  The  fourth  legs  have  the  hinder  half 
of  the  coxie,  and  the  ends  of  all  the  joints  brown. 

In  the  male  the  legs  and  palpi  are  brown,  without  the  distinct 
dark  markings  of  the  female.  The  abdomen  is  brown  with  irrides- 
cent  greenish  scales,  and  a  bright,  white  band  around  the  front,  and 
two  white  oblique  stripes  each  side. 

The  male  has  the  front  legs  much  larger  than  the  female.  His 
mandibles  are  long  and  stout  at  the  base,  and  spread  apart  at  the 
ends.  In  the  middle  of  the  inner  side  is  a  large  tooth,  directed 
downward,  and  near  its  base,  two  smaller  ones,  on  the  under  side  of 
the  mandible.  On  the  under  side,  near  the  outer  edge,  is  a  long 
ridge,  ending  in  a  tooth,  curved  inward.  Fig.  4a,  The  male  palpi 
are  very  slender,  and  the  tarsus  and  palpal  organ  long  and  small. 
The  patella  and  tibia  are  each  twice  as  long  as  thick.  The  tibial 
hook  is  ne^arly  as  long  as  the  tibia.     Fig.  4b. 

Common  on  plants  in  summer,  and  occasionally  found  under  stones 
and  bark. 

Massachusetts  and  Connecticut. 

Zygoballus  terrestris,  new  sp. 

Length  of  female  3°*"'.  The  cephalothorax  is  two-thirds  as  wide 
as  long,  and  half  as  high  as  long.  The  posterior  eyes  are  the  full 
width  of  the  cephalothorax  apart,  and  the  thorax  slopes  backward 
from  them,  but  not  as  steeply  as  in  bettiniy  nor  is  it  as  much  nar- 
rowed behind.     PI.  XVII,  fig.  6. 

The  color  of  the  cephalothorax  in  alcohol,  is  dark  brown,  covered 
thinly  with  small,  light  colored  scales.  The  first  pair  of  legs  are 
dark  brown,  the  femur  darkest,  and  the  other  joints  a  little  lighter 
in  the  middle.  The  other  legs  are  lighter  with  the  ends  of  the  joints 
dark.  Fig.  be.  The  abdomen  is  lighter  than  the  thorax,  and 
marked  with  irregular  and  variable  dark  spots. 

In  the  male  the  abdomen  is  brown  in  the  middle,  with  a  distinct 
white  line  around  the  front  and  sides.  The  male  palpi  are  short,  the 
patella  and  tibia  being  not  much  longer  than  wide.  The  tibial  hook 
is  as  long  as  the  tibia  itself,  and  only  slightly  curved.  Fig.  bd. 
The  palpal  organ  is  small  and  covered  by  the  tarsus.  The  tube  is 
moderately  long,  and  lies  in  the  groove  at  the  end  of  the  tarsus  for 
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its  whole  length.  The  mandiblea  are  similar  to  those  of  bettini^  but 
smaller.  The  epigynum  has  the  anterior  opening  nearly  square, 
opening  toward  the  front,  and  the  posterior  notch  very  wide. 
Fig.  56. 

On  fences  and  under  leaves  in  winter. 

Boston  and  Cambridge,  Mass.,  and  New  Haven,  Conn. 

loiUS  mitratUS  Peckham. 
Ailus  milratus  HoDtz. 

This  species  resembles  closely  pcdmarum,  differing  mainly  in 
color.  The  legs  are  all  white  in  both  sexes,  and  the  mandibles  of  the 
male  are  not  long  and  horizontal  as  in  palmarum,  ITie  male  palpi 
and  palpal  organs  are  like  those  of  pabnarmn^  with  the  tibial  hook 
perhaps  a  little  more  slender.  The  female  preserved  in  alcohol  is 
still  more  like  palmanim.  The  epigynum  is  of  the  same  shape  and 
the  markings  in  four  large  spots  on  the  abdomen,  like  those  of  some 
females  of  palmartim.  The  cephalothorax  seems  to  be  a  little  wider, 
and  the  colors  of  the  hairs  of  the  whole  body  whiter  than  in  />«/- 
maruin, 

A  living  male  has  the  legs  white,  or  a  little  greenish,  with  long 
white  hairs,  those  on  the  front  legs  longer  than  the  diameter  of  the 
leg.  On  the  front  of  the  leg  and  palpi  are  long,  white  hairs.  The 
sides  of  the  cephalothorax  and  abdomen,  and  the  under  side  of 
the  abdomen  are  white.  The  middle  of  the  cephalothorax  and  abdo- 
men are  light  brown,  covered  with  light,  yellow  hairs,  through  which 
three  or  four  dark  spots  show  indistinctly.     PI.  XVIII,  fig.  2. 

Brookline  and  Maiden,  Mass.,  and  New  Haven,  Conn. 

IciuS  palmarum  Peckham. 
Epiblemum  palmarum  Hentz. 

Female  5™'"  and  male  4"*"  long.  The  living  female  has  the  legs 
and  palpi  transparent  white,  and  the  claws  black.  The  few  spines 
on  the  legs  are  black.  The  whole  body  is  covered  with  light  gray 
or  white  scales,  mixed  with  short,  fine  black  hairs.  The  abdomen 
has  a  row  of  indistinct,  darker  triangular  spots  in  the  middle  and 
oblique  rows  of  small  spots  at  the  sides.  PI.  XVII,  fig.  1.  In  alco- 
hol the  legs  become  dull  yellow,  and  the  rest  of  the  body  turns  red 
as  in  aestivalis^  afterwards  fading  to  a  dirty  yellow.  The  markings 
of  the  abdomen  become  more  distinct,  and  in  some  individuals  form 
four  large,  dark  brown  spots.     Fig.  1/. 
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The  living  males,  fig.  Ig,  have  the  front  legs  very  dark  brown, 
except  the  tarsi,  which  are  a  little  lighter.  The  other  legs  are  trans- 
parent white,  cephalothorax  and  abdomen  dark  and  reddish  brown, 
mixed  with  shining,  greenish  white  scales,  and  sometimes  a  little 
copper  red  around  the  eyes.  There  is  a  white  stripe  the  whole  length 
of  the  body,  each  side,  and  across  the  front  of  the  head  below  the 
eyes.  The  maxillaB  and  mandibles  are  dark  brown,  and  the  palpi  are 
the  same  color,  except  the  tarsi  which  are  light  yellow  ;  sternum  and 
under  side  of  abdomen  dark  brown.  Some  males  show  indistinctly 
dorsal  markings  of  the  abdomen,  like  the  female. 

The  female  resembles  cB8ttvaliSy  but  is  longer  in  proportion  to  its 
width  and  has  the  front  legs  stouter.  The  abdomen  is  usually  nearly 
twice  as  long  as  wide.  Fig.  1.  The  cephalothorax  is  flattened 
above  from  the  front  eyes  two-thirds  its  length  backward,  in  both 
sexes,  fig.  la,  while  in  CBstivalis  it  is  slightly  arched  upward. 

In  the  males,  the  front  legs  are,  as  usual,  longer  and  stouter  than 
the  others,  and  are  made  very  conspicuous  by  their  dark  color. 
The  mandibles  of  the  male  are  larger  than  those  of  the  female,  and 
more  or  less  turned  forward,  according  to  their  length.  In  some 
males  the  mandibles  are  only  a  little  longer  than  those  of  the  female, 
and  in  these  the  patella  and  tibia  of  the  front  legs  are  not  much 
longer  than  the  femur.  Others,  usually  larger  spiders,  have  the  man- 
dibles nearly  as  long  as  the  cephalothorax  and  extending  forward 
horizontally,  the  maxillaB  are  longer,  and  the  first  pair  of  legs  have 
the  patella  and  tibia  one  and  a  half  times  as  long  as  the  femur. 
Fig.  Ic.     Fig.  Ig  shows  the  mandibles  of  the  common  length. 

The  epigynum  has  two  small  anterior  openings  and  a  large,  wide 
notch  behind,  half-way  between  the  anterior  openings  and  the  trans- 
verse fold. 

The  male  palpus  has  the  tibia  as  wide  as  long,  and  the  patella  a 
little  longer.  The  tibial  hook  is  as  long  at  the  joint  itself,  thin  and 
curved  inward  a  little  at  the  end.  The  tube  of  the  palpal  organ  is 
long  and  curved  around  the  end  of  the  bulb,  the  point  resting  in  a 
groove  turned  obliquely  outward  on  the  end  of  the  tarsus.  Figs. 
lA,  If. 

On  plants  in  summer.     Massachusetts  and  Connecticut. 

OiUS  elegans,    $  Attus  elegana  Hentz.     S  AUus  suptreilioaus  Hent2. 
Dtndryphantes  elegana  Peckham. 

Female  6"*"*  long.  Cephalothorax  two-thirds  as  wide  as  long,  and 
abdomen  half  as  wide  as  long.     The  sides  of  the  cephalothorax  are 
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nearly  straight  and  parallel  in  the  female,  and  widened  a  little  behind 
the  middle  in  the  male. 

The  colors  t)f  the  living  female,  Pi.  XVTII,  fig.  3,  are  bronze  green^ 
which  in  some  lights  changes  to  copper  red  on  the  abdomen  and 
cephalothorax.  The  legs  are  yellow,  with  longitudinal  dark  stripes, 
except  the  front  femora,  which  are  dark  brown.  The  palpi  are 
bright  yellow  at  the  end  and  dark  at  the  base.  In  alcohol  the  colors 
appear  dull  and  darker. 

The  males,  fig.  3c?,  are  much  more  brightly  colored.  The  legs  are 
orange,  darker  toward  the  ends,  with  fine  dark,  longitudinal  stripes. 
The  ends  of  the  front  tibiae  are  dark  brown,  and  have  long,  brown 
hairs  on  the  inner  and  under  side.  The  palpi  are  orange,  darker 
toward  the  end.  The  sides  and  hinder  part  of  the  cephalothorax  are 
orange,  and  there  is  a  white  line  each  side  over  the  coxae.  The 
upper  part  of  the  cephalothorax  and  abdomen  are  covered  with 
greenish  yellow  scales.  On  the  front  of  the  head  are  tufts  of  long 
hairs,  yellow,  mixed  with  black,  pointing  forward  and  a  little  inward 
between  the  middle  and  lateral  eyes,  fig.  de.  On  the  hinder  end  of 
the  abdomen  is  an  iridescent  purple  spot.  The  abdomen  is  green  on 
the  under  side,  and  the  sternum  and  coxae  are  orange.  In  alcohol 
the  colors  become  dull  yellow  and  brown. 

The  mandibles  of  this  species  are  slender,  and  the  claw  short,  and 
strongly  curved  inward  toward  the  point.  In  the  male  the  mandibles 
are  a  little  longer,  and  have  a  slight  notch  on  the  inner  side,  one-third 
their  length  from  the  end.     Fig.  36. 

The  epigynum  is  wide,  with  two  anterior  openings  more  than  their 
diameter  apart,  and  the  posterior  notch  is  divided  into  two.     Fig.  3A. 

The  male  palpi  have  the  patella  as  wide  as  long,  and  the  tibia  still 
shorter,  with  a  very  short  and  small  hook  on  the  outer  side.  Fig.  3g. 
The  tube  of  the  palpal  organ  is  twisted  at  the  end,  and  has  a 
spherical  base,  partly  covered  by  the  softer  part  of  the  bulb.  Fig. 
3/.  The  male  has  the  legs  of  the  first  pair  much  larger  than  the 
others,  and  all  the  legs  longer  than  the  female.  In  the  female  the 
fourth  legs  are  longest. 

Some  males  have  the  colors  darker  and  the  front  legs  less  elongated 
than  usual,  and  do  not  have  the  black  spot  and  black  tuft  of  longer 
hairs  on  the  ends  of  the  tibiae.  They  also  have  the  tufts  of  hair 
over  the  eyes  much  smaller.  Figs.  4,  4a.  The  palpal  organs  are  a 
little  stouter.  Figs.  4ft,  4c.  Specimens  from  the  Adirondacks  and 
White  Mountains  are  of  this  variety. 

White  Mountains,  N.  II.,  to  New  Haven,  Conn. 
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Ictus  hartii,  new  sp. 

The  name  Icitis  Hartii  was  given  this  species  by  Mr.  Peckham, 
but  not  published.  A  specimen  in  the  Museum  of  Comparative 
Zoology  in  Cambridge,  is  named  by  Keyserling  Idtis  tihiaiia 
Koch. 

Of  this  species  I  have  only  one  female  from  Medford,  Mass.  This 
is  7""  long,  cephalothorax  2""*  long,  and  1""*  wide.  The  cephalo- 
thorax  is  straight  at  the  sides,  very  little  narrowed  behind.  The 
abdomen  is  oval,  a  little  pointed  behind.  PL  XVIII,  fig.  6.  The 
length  of  the  legs  is  4,  1,  2,  3.  The  front  legs  are  thickest,  and  the 
tibia  is  more  than  twice  as  thick  as  that  of  the  other  legs.  In  the 
male,  fig.  5a,  the  front  legs  are  longest  and  still  more  thickened  than 
in  the  female.  The  cephalothorax  is  dark  brown,  with  gray  hairs. 
The  abdomen  has  the  middle  dark  and  the  border  white  ;  the  middle 
area  broken  at  the  edges  by  three  or  four  pairs  of  white  spots.  The 
under  side  of  the  abdomen  is  light  in  the  middle  and  black  around 
the  edges  up  to  the  white  border  of  the  upper  surface.  The  femora 
are  dark,  except  the  third  pair,  which  has  light  stripes.  The  other 
joints  are  dark  at  the  ends,  and  have  dark  longitudinal  stripes.  The 
epigynum  is  small,  and  has  two  small  openings  directed  forward 
about  their  diameter  apart.     Fig.  bd. 

Some  of  the  Wisconsin  specimens  which  I  have  from  Mr.  Peck- 
ham,  are  a  little  larger,  and  the  dorsal  markings  are  more  broken  by 
oblique  rows  of  white  spots.  The  males  have  the  abdomen  shorter 
and  the  front  legs  much  longer  and  thicker.  The  mandibles  are  a 
little  longer  than  in  the  females.  The  male  palpi  are  short  and  stout, 
the  patella  and  tibia  are  as  short  as  wide,  and  the  tibial  hook  is  very 
small  and  pointed,  and  directed  downward.     Fig.  5c. 

Hie  palpal  organ  is  long  enough  to  nearly  cover  the  tibia.  The 
tube  is  short  and  stout,  and  a  little  swelled  at  the  base.    Fig.  bh, 

Icins  fonnicarius,  d.  sp. 

Length  5'"'".  Cephalothorax  and  abdomen  usually  about  the  same 
length.  The  general  appearance  is  ant-like.  The  color  is  black  with 
daric  bronze  green  scales,  except  a  white  line  each  side  of  the  thorax, 
and  white  stripes  on  the  legs,  two  above  and  one  beneath.  One 
specimen  has  a  few  white  scales  on  the  spinnerets. 

The  cephalothorax  is  two-thirds  as  wide  as  long  and  the  sides  are 
nearly  straight  and  parallel.  The  abdomen  is  widest  across  the 
hinder  half  and  a  little  pointed  behind.  Both  cephalothorax  and 
abdomen  are  less  flattened  than  in  the  other  species.     The  legs  are 

Tbahs.  Cokk.  Acad.,  Vol.  VIII.  32  Oct.,  1891. 
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long  and  slender,  the  fourth  pair  longest  and  the  first  next.  The 
first  pair  are  only  a  little  stouter  than  the  others.  PL  XVII,  fig.  6. 
The  epigynum  is  large  with  the  anterior  openings  wide  and  far  apart. 
The  notch  behind  is  very  deep  and  narrow.     Fig.  6^ 

I  have  seen  females  only  from  Salem  and  Medford,  Mass.,  and 
New  Haven,  Conn. 

Maevia  vittata. 

Astia  vittata  Pockham,  Attus  vUtatus  Hents,  Aihu  niger  Hontz.     $  Moevia  peneiileUa 
Koch. 

This  is  a  large  and  brightly  colored  spider  with  long  legs.  The 
female  is  8™™  long,  the  male  smaller  but  with  the  legs  longer.  PI. 
'  XIX,  figs.  1,  la,  1*. 

The  living  female  has  the  legs  and  palpi  translucent,  a  little  yellow 
or  greenish  white.  They  are  marked  with  indistinct  light  gray  rings 
and  black  spots  at  the  base  of  the  hairs  and  spines.  The  cepbalo- 
thorax  is  dark  brown  between  the  eyes  and  translucent  like  the  legs 
in  the  thoracic  part.  There  is  a  fine  black  line  in  the  middle  and  on 
each  side  and  a  few  gray  marks  radiating  from  the  dorsal  groove. 
The  whole  top  of  the  cephalothorax  is  covered  with  greenish  yellow 
scales  mixed  with  gray  hairs.  The  eyes  are  black  and  one  female 
has  a  red  stnpe  under  the  eyes  each  side.  The  abdomen  is  covered 
with  scales  which  in  the  middle  and  at  the  sides  are  gr^y  and  mixed 
with  black  hairs.  There  are  two  longitudinal  bands  of  light  copper 
red  along  the  back  of  the  abdomen  and  indistinct  angular  marks  of 
the  same  color  in  the  middle  of  the  hinder  half.  The  colors  of  the 
under  side  are  light  gray  and  yellow  spotted  with  gray  on  the 
abdomen. 

According  to  Peckham,  males  of  two  very  different  colors  belong 
to  this  species.  One  kind  resembles  the  female.  Fig.  lb.  The  red 
bands  on  the  abdomen  are  broken  up  into  rows  of  spots  connected 
with  the  middle  angular  markings.  The  gray  and  black  spots  on 
the  legs  and  cephalothorax  are  larger  and  there  are  several  black 
marks  on  the  front  of  the  abdomen. 

The  palpi  are  bright  orange  yellow  with  the  tibial  hook  black  and 
a  black  spot  on  the  inner  side  of  each  joint.  The  size  of  the  black 
spot  varies  in  different  individuals  and  so  passes  into  the  other  variety 
in  which  the  cephalothorax  and  abdomen  are  entirely  black  and  the 
palpi  black  except  a  few  orange  hairs  on  the  outer  side.  The  black 
cephalothorax  and  abdomen  are  covered  with  dark  greenish  shiny 
scales.     The  legs  in  this  variety  are  white  except  the  hairs.     On  the 
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front  of  the  head  of  the  black  variety  are  three  tufts  of  long  hairs 
which  are  entirely  wanting  in  lighter  colored  males.  Fig.  la. 
Although  males  of  both  kinds  pair  with  the  same  female  their 
behavior  when  mating  is  different,  for  an  account  of  which  see 
Peckham's  article  in  Occasional  Papers  of  the  Nat.  Hist.  Soc.  of 
Wisconsin,  vol.  i,  1888. 

The  cephalothorax  of  the  female  is  widest  behind  the  middle  and 
is  there  two  thirds  as  wide  as  long.  It  is  narrowed  to  half  that 
width  at  the  hinder  end  and  slightly  narrowed  toward  the  front,  the 
head  being  not  much  more  than  half  as  wide  as  the  cephalothorax  is 
long.  Fig.  1.  The  top  of  the  cephalothorax  is  flat,  rising  a  little 
between  the  dorsal  eyes  and  the  front  row  of  eyes  is  straight  on  the 
upper  edge.  The  comparative  length  of  the  legs  is  4,  1,  3,  2  and  the 
fourth  pair  is  as  long  as  the  body. 

The  male  palpi  are  long.  The  tibial  hook  is  straight  and  blunt 
and  about  as  long  as  the  tibia  itself.  The  tarsus  is  short  and  wide 
and  turned  outward  at  the  tip.  The  palpal  organ  is  oval  with  a  long 
tube  bent  around  the  end  of  the  bulb  with  its  point  in  the  groove  on 
the  outer  comer  of  the  tarsus.     Fig.  Ic. 

The  epigynum  has  a  small  oval  opening  very  far  farward  and  a 
slight  notch  on  the  edge  of  the  transverse  fold.     Fig.  Id, 

This  is  an  active  species,  living  on  plants  in  sunmier. 

Elastem  Massachusetts  and  New  Haven  and  Meriden,  Connecticut. 

Maxptusa  familiaris  Peckbam. 

Athts  familiaris  Hentz. 

The  female  is  IC""  long  and  the  male  nearly  as  large.  The  fourth 
pair  of  legs  is  longest  in  the  female  and  the  first  pair  in  the  male. 
The  cephalothorax  and  abdomen  are* both  much  flattened.  The 
cephalothorax  is  rounded  at  the  sides  and  nearly  twice  as  wide  in  the 
middle  as  in  front.  The  abdomen  is  twice  as  long  as  wide,  widest 
in  the  middle  and  truncated  at  the  front  end  and  sometimes  at  the 
hinder  end  also.  In  the  latter  case  the  spinnerets  are  so  far  under 
the  abdomen  that  they  cannot  be  seen  from  above.  The  legs  are 
long  and  stout,  the  fourth  pair  one  and  a  half  times  as  long  as  the 
abdomen. 

The  general  color  is  gray,  covered  with  long  gray  and  white  hairs. 
The  cephalothorax  has  a  dark  brown  band  along  the  edge  each  side 
which  is  larger  and  darker  in  the  males.  The  abdomen  has  in  the 
middle  a  yellowish  white  marking,  covering  half  its  width,  the  front 
half  straight  and  the  hinder  half  notched  at  the  sides.     PI.  XIX,  fig. 
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3.  The  legs  are  darker  at  the  ends  of  the  joints  and  lighter  in  the 
middle.  The  under  side  of  the  abdomen  is  light  at  the  sides  and 
has  a  dark  stripe  in  the  middle. 

The  male  palpus  has  the  tibia  very  short  and  the  tibial  hook  is 
long  and  slender  and  slightly  thickened  at  the  tip.  The  tube  of  the 
palpal  organ  starts  from  the  middle  of  the  inner  side  of  the  bulb 
and  turns  obliquely  across  the  end  of  the  tarsus.  Near  the  end  of 
the  tube  but  not  quite  reaching  the  tip  is  a  short  flat  process.  Figs. 
36,  3c. 

Epiblemum  SOeniCUm  Thofell.    EpiblemumfaustumYien\z,    Saltieua  scenicus 
Latr.     Calliethera  scenica  Simon.    BipiUemum  acenicum  Peckham. 

Gray  with  white  markings.  On  some  the  white  marks  are  much 
more  definite  than  on  others,  the  gray  ground  having  very  few  white 
scales  mixed  with  it.  I  have  usually  found  the  spiders  of  this 
variety  about  houses,  while  those  from  the  country,  living  on  plants, 
have  white  as  well  as  yellow  scales  largely  mixed  with  the  gray  so  as 
to  obscure  the  white  markings.  The  field  specimens  are  usually 
more  slender. 

The  front  of  the  head  around  and  above  the  eyes  is  white.  There 
is  a  definite  white  stripe  on  each  side  of  the  cephalothorax  and  in  the 
middle  of  the  cephalothorax  two  white  spots  one  on  each  side  of  the 
dorsal  groove.  On  the  abdomen  there  is  a  white  stripe  across  the 
anterior  end  and  two  oblique  marks  on  each  side.     PI.  XIX,  fig.  2. 

The  legs  are  gray  with  white  rings  not  very  distinctly  marked  and 
the  palpi  white.  The  markings  are  very  different  from  those  of  any- 
other  species. 

The  proportions  of  the  hodj  differ  considerably  in  individuals 
some  appearing  much  longer  and  more  slender  than  others.  The 
cephalothorax  is  about  two-thirds  as  wide  as  long  and  the  abdomen 
usually  about  the  same  width  and  longer. 

The  epigynum  is  raised  at  the  hinder  edge,  a  little  pointed  and 
with  a  round  notch  about  as  deep  as  wide.  The  anterior  half  is  a 
little  narrowed  and  notched  in  the  middle  vrith  a  depression  on  each 
side,  in  the  bottom  of  which  is  a  round  hole.  Fig.  2e.  The  shape  of 
the  epigynum  varies  and  in  pale  or  freshly  moulted  females  the 
internal  parts  may  be  seen  through  the  skin  as  shown  in  Peckham's 
figure. 

The  males  differ  but  little  in  color  and  markings  from  the  females, 
but  the  palpi  are  large  and  the  mandibles  two-thirds  as  long  as  the 
cephalothorax  and  turned  forward  almost  horizontally.    Fig.  2a,  2c. 
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The  tibia  of  the  male  palpus  is  shorter  than  the  patella  and  at  the 
(listal  end  as  wide  as  long,  with  a  stout  pointed  hook  directed  forward 
and  a  little  inward.     Fig.  2/. 

Found  occasionally  under  stones  or  on  bushes  but  common  on  the 
outride  of  houses  and  fences  in  the  warmest  and  driest  places.  The 
colors  resemble  closely  that  of  unpainted  wood  stained  by  the 
weather. 

Common  all  over  New  England.     A  common  European  species. 

MenGXnoruS  lineatUS.     leiw  Uneatua  Peckham.    Athts  quadriiineatus  Peck* 
liam,  1883. 

A  small  spider  only  4""  long  and  very  distinctly  marked  with  two 
white  longitudinal  lines  on  the  middle  of  the  abdomen  and  two 
others  on  the  sides  so  far  down  that  only  the  front  ends  of  them  can 
be  seen  from  above.     PL  XIX,  fig.  6. 

The  color  in  life  is  dark  brown.  The  white  lines  on  the  back 
have  their  edges  very  dark.  The  cephalothorax  and  dark  parts  of 
the  abdomen  are  thinly  covered  with  long,  slender,  yellow  scales 
mixed  with  a  few  white  hairs  on  the  front  of  the  abdomen.  On  the 
under  side  of  the  abdomen  are  four  white  lines.  The  legs  are  dark 
brown,  the  first  pair  darkest. 

The  relative  length  of  the  legs  is  1,  4,  2,  3.  The  first  pair  are 
twice  as  thick  as  the  others.  The  top  of  the  cephalothorax  is  flat 
two-thirds  its  length  from  the  front.  There  is  a  short,  transverse 
groove  a  little  behind  the  dorsal  eyes.  The  cephalothorax  is  widest 
across  the  middle  but  only  very  little  wider  than  in  front.  The 
epigynum  has  a  dark  ridge  behind,  curved  at  the  ends  around  two 
roond  holes.     Fig.  5b, 

Manchester  and  Medf  ord,  Mass. 

Menemerus  binus.    Athu  hinua  HentZt  not  M,  paykiUlii  Peckham,  1 885. 

Female  9™"*  long.  Legs  1,  4,  2,  3,  The  cephalothorax  is  widest 
behind  the  middle  and  narrows  slightly  toward  the  front  of  the  head 
where  it  is  half  as  wide  as  long.  The  cephalothorax  is  flat  above 
and  a  little  swelled  around  the  dorsal  eyes. '  There  is  a  short  trans- 
verse groove  behind  the  eyes.     PL  XIX,  fig.  4. 

The  abdomen  is  half  as  wide  as  loiig,  narrowed  at  both  ends.  The 
first  pair  of  legs  are  about  as  long  as  the  fourth  pair,  but  twice  as 
thick.  The  second  pair  of  legs  are  slightly  thicker  than  the  third 
and  fourth. 
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I  have  not  seen  the  coUm's  in  life.  In  alcohol  the  cephalothorax  is 
dark  brown  except  around  the  edges  where  it  is  yellowish.  The 
front  half  of  the  cephalothorax  between  the  eyes  is  dark  purple 
when  turned  to  the  light.  The  abdomen  is  white  with  two  longitu- 
dinal black  stripes  that  do  not  reach  either  end.  The  front  legs  are 
orange  color  with  light  brown  stripes  and  a  black  spot  near  the  end 
of  each  joint  on  the  inner  side.  The  other  legs  are  dirty  yellow 
with  indistinct  brownish  stripes  at  the  sides.  Under  the  abdomen 
is  a  black  middle  stripe. 

The  epigynum  has  the  openings  very  small  and  wide  apart  and  the 
posterior  notch  very  wide  with  square  corners  at  the  ends.     Fig.  4a. 

One  female  from  Meriden,  Conn.  Mr.  Peckham  has  the  same 
species  from  Nebraska, 

Neon  nellii  Peckham. 

This  is  the  smallest  of  our  New  England  Attidae,  being  only  2.6 
to  3™"»  long  with  the  cephalothorax  not  much  over  1"™.  The 
general  color  is  dark  gray,  darkest  toward  the  head,  so  that  the 
spider  is  hard  to  see  on  gray  stones  or  weathered  wood.  The  cepha- 
lothorax is  high,  the  highest  part  being  a  little  behind  the  middle, 
from  which  it  curves  downward  to  the  front  eyes  and  slopes  more 
abruptly  backward.  The  eyes  are  large  and  prominent,  the  first  row 
nearly  straight  and  as  wide  as  the  widest  part  of  the  cephalothorax. 
The  posterior  eyes  are  nearly  as  large  as  the  front  middle  pair  and 
are  at  the  middle  of  the  cephalothorax.  The  abdomen  is  a  little 
pointed  behind  and  the  spinnerets  are  large  for  the  size  of  the  spider. 
PI.  XX,  fig.  1. 

The  cephalothorax  is  smoky  gray,  darker  toward  the  front  and 
darker  in  the  males  than  females.  The  abdomen  is  gray  with 
yellowish  white  markings  in  a  herring-bone  pattern  through  the 
middle.  The  underside  of  the  body  is  light  gray  or  whitish.  The 
legs  are  gray,  darker  toward  the  front. 

The  epigynum  is  large  and  has  two  rounded  openings  toward  the 
front.  Fig.  \b.  The  male  palpi  are  also  large  and  the  palpal  organ 
extends  backward  so  as  to  cover  the  short  tibia.  The  tube  lies 
obliquely  across  the  end  of  the  bulb,  its  tip  resting  in  a  groove  on  the 
end  of  the  tarsus.     Fig.  Ic. 

A  common  species  under  stones  and  leaves  at  all  seasons. 


J.  B.  3nerton—Kew  England  AttidcB.  241 

Euophrys  monadnock,  Dewsp. 

One  male  was  found  on  the  upper  part  of  Mt.  Monadnock,  N.  H., 
on  the  rocks.  PL  XX,  fig.  2.  It  is  4™™  long,  the  cephalothorax  and 
abdomen  about  the  same  length.  The  legs  are  all  long,  relative 
length  4,  1,  3,  2.  The  ends  of  the  palpi  are  white  as  far  as  the  end 
of  the  femur.  The  tarsi  of  the  first  and  second  legs,  and  the  tips  of 
the  tarsi  of  the  third  and  fourth  are  white.  The  femora  of  the 
third  and  fourth  legs  are  white,  in  life,  light  pink.  The  rest  of  the 
body  is  deep  black.  The  first  and  second  legs  are  a  little  thickened 
and  the  metatarsus,  tibia  and  patella,  and  the  end  of  first  femur 
covered  with  long  scales,  as  long  as  the  diameter  of  the  leg.  The 
first  and  second  legs  are  bright  purple  toward  a  bright  light. 

The  front  of  the  head  is  wide,  and  the  sides  of  the  cephalothorax 
nearly  straight  and  parallel.  Fig.  2c.  The  front  of  the  head, 
below  the  eyes,  slopes  inward,  and  the  sternum  is  short  and  wide. 
Fig.  2a. 

The  palpi  are  long  and  slender,  the  tarsus  not  much  wider  than 
the  other  joints.  The  tibial  hook  is  straight  and  very  slender,  not 
much  thicker  than  one  of  the  hairs.  Fig.  2d,  The  palpal  organ  is 
long  and  narrow  at  the  base,  where  it  extends  over  the  tibia.  The 
tube  is  short  and  curved  around  the  end  of  the  bulb.     Fig.  2e.    , 

A  female,  which  probably  belongs  to  this  species,  was  found  in 
Dublin,  N.  H.,  three  miles  from  Monadnock.  It  is  S"*"  long,  with 
short  and  thin  hairs  and  colors  like  Tegenaria,  The  cephalothorax 
has  the  sides  straight  and  parallel,  three-fourths  its  length  from  the 
front,  and  is  a  little  rounded  behind.  Fig.  2/1  The  eyes  are  large 
and  the  lateral  are  more  than  half  as  large  as  the  front  pair.  The  pos- 
terior eyes  are  as  far  apart  as  the  length  of  the  front  row,  and  little 
more  than  half  as  far  from  the  lateral.  The  abdomen  is  oval,  widest 
behind  the  middle.  The  legs  are  4,  1,  2,  3,  the  front  pair  much 
thickened  and  the  second  slightly  so.  The  cephalothorax ,  is  dark 
brown  in  front  and  lighter  toward  the  back,  marked  with  dark 
radiating  lines.  The  abdomen  is  gray,  with  light,  angular  markings 
along  the  middle,  and  irregular  oblique  lines  at  the  sides.  The  legs 
are  without  markings,  the  first  pair  darkest.  The  epigynum  has 
two  large  openings  about  their  diameter  from  the  transverse  fold. 
Fig.  2g. 

Euophiys  cruciatus,  new  sp. 

This  species  is  more  generally  covered  with  scales  than  monad- 
nock^ the  front  tibias  are  less  thickened,  and  do  not  have  the  long 
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scales  of  that  species,  and  the  colors  are  less  bright  and  more  like 
those  of  AUus  palustris.  The  only  specimen  I  have,  a  male,  is  6"" 
long.  PI.  XX,  fig.  8.  The  cephalothorax  is  three-fourths  as  wide  as 
long,  widest  behind  the  middle.  It  is  low  in  front,  and  the  front  row 
of  eyes  are  turned  a  little  downward,  the  lateral  pair  half  their  diam- 
eter, higher  and  farther  back.  The  middle  eyes  are  nearer  the  dorsal 
than  lateral.  The  dorsal  ey^s  are  nearer  together  than  the  lateral 
pair.  The  abdomen  is  as  long  and  as  wide  as  the  cephalothorax, 
widest  in  the  middle  and  pointed  behind. 

The  lengths  of  the  legs  are  4,  1,  3,  2,  the  fourth  pair  very  long. 
The  first  and  second  pairs  are  a  little  thickened. 

The  cephalothorax  of  my  specimen  is  so  much  rubbed  that  the 
markings  are  nearly^  destroyed ;  it  shows  only  long  black  hairs 
over  the  eyes,  and  irregular  white  markings  behind  the  eyes  and 
at  the  sides.  The  abdomen  is  black,  with  a  distinct  white  cross 
in  the  middle.  Fig.  8.  The  legs  have  dark  and  light  rings,  which 
were  probably  covered  with  white  and  black  hairs.  The  tibia  of  the 
palpi  is  light,  and  the  other  joints  dark,  with  long  hairs. 

The  tibia  of  the  male  palpus  is  wider  than  long.  The  tibial 
hook  is  nearly  as  long  as  the  tarsus,  and  curved  to  fit  along  its  edge. 
The  tarsus  is  strongly  curved  downward.  The  palpal  organ  is  oval, 
and  the  tube  begins  near  the  outer  end,  curves  around  its  base  and 
again  outward  through  a  groove  in  the  edge  of  the  tarsus  to  a  notch 
near  the  end  of  the  tibial  hook.     Figs.  86,  8c,  8d. 

Dublin,  N.  H.,  July  16. 

Phlegra  leopardus.   AUtu  leopwdua  HoDts. 

Very  distinctly  marked  with  two  white  lines  on  the  cephalothorax, 
as  far  up  as  the  dorsal  eyes,  and  three  white  lines  on  the  abdomen. 
The  female  is  8""*  long,  the  cephalothorax  S.S"*".  The  cepholothorax 
is  two-thirds  as  wide  as  long  and  a  little  widest  behind  the  middle. 
The  lateral  front  eyes  are  high  enough  for  their  middle  to  be  oppo- 
site the  top  of  the  middle  eyes.  The  dorsal  eyes  are  unusually  far 
forward ;  they  are  as  far  apart  as  the  front  lateral  eyes,  and  two- 
thirds  as  far  from  the  front  of  the  head.  PL  XXI,  fig.  1,  The 
cephalothorax  is  rounded  upward  from  the  front  to  the  dorsal  eyes, 
and  from  there  backward  is  flat  more  than  half-way  to  the  hinder 
end.  The  abdomen  is  widest  in  the  middle  and  a  little  pointed 
behind.  The  legs  are  short,  and  their  relative  length  4,  8, 1,  2.  The 
first  and  second  pairs  are  thicker  than  the  other.  The  cephalothorax 
is  dark  brown,  darkest  between  the  eyes.     A  white  stripe  extends 
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from  the  front  of  the  head,  over  the  eyes  each  side  the  whole  length 
of  the  cephalothorax.  A  middle  white  stripe  begins  between  the 
middle  eyes,  but  fades  out  between  the  dorsal  eyes.  The  legs  are 
light  brown,  with  two  darker  rings  on  each  joint.  The  abdomen  is 
brown,  with  a  middle  and  two  lateral  white  stripes.  The  abdomen 
is  light  on  the  under  side  and  the  sternum,  legs  and  mouth  parts 
dark  brown.  The  epigynum  has  two  large  round  openings  near  the 
hinder  edge,  and  a  small,  square-cornered  notch  in  the  edge.     Fig.  lb. 

The  male  is  darker  than  the  female,  but  marked  in  the  same  way 
on  the  cephalothorax  and  abdomen.  The  white  bands  on  the  cephalo- 
thorax are  mixed  with  red  between  the  eyes.  The  legs  are  longer 
than  those  of  the  female,  and  not  marked  with  rings. 

The  male  palpus  has  the  tibia  short  and  wide  on  the  upper  side, 
with  a  deep  notch  on  the  outer  side,  and  a  short  hook.  Figs.  Ic,  le. 
The  bulb  of  the  palpal  organ  extends  backward  on  the  outer  side  so 
as  to  cover  the  tibia.     Fig.  Id. 

Female  from  Mt.  Tom,  Massachusetts.  Male  from  Blue  Hill, 
Milton,  Mass.     Another  female  was  seen  in  Medf ord,  Mass. 

HasaiiUB  Hoyi,  Peckham. 

Female  6  or  7™"  long.  The  cephalothorax  is  shorter  and  the 
abdomen  larger  than  in  the  nearest  species.  PI.  XXI,  fig.  2,  2a, 
The  cephalothorax  of  the  female  is  three-fourths  as  wide  as  long, 
and  a  little  enlarged  in  the  middle.  The  posterior  eyes  are  two- 
thirds  as  far  from  the  front  row  as  from  each  other.  Legs  1,  4,  2,  3, 
all  nearly  of  the  same  length.  First  and  second  pairs  a  little  thick- 
ened. 

The  markings  vary,  but  in  alcohol  there  is  always  a  light  marking 
across  the  back  of  the  cephalothorax,  a  little  behind  the  dorsal  eyes^ 
and  turning  forward  on  each  side  as  far  as  the  front  eyes.  In  front 
and  behind  this  marking  the  cephalothorax  is  dark  brown.  On  the 
abdomen  there  are  light  and  dark  oblique  markings  forming, 
especially  in  young  individuals,  a  regular  light  herring-bone  marking 
in  the  middle. 

In  life,  the  light  markings  are  partly  white  and  partly  orange- 
brown.  A  brightly  marked  young  male  has  the  cephalothorax  white 
in  front,  both  above  and  below  the  eyes.  Fig.  2.  A  white  band  on 
each  side  turning  upward  and  inward  behind  the  dorsal  eyes,  but  not 
united  in  the  middle.  Hinder  part  of  cephalothorax  below  and  between 
the  white  bands  black.  There  are  two  black  bands  behind  the  dorsal 
eyes,  extending  obliquely  through  the  dorsal  groove  to  the   white 
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bands  at  the  sides.  The  rest  of  the  top  of  the  cephalothorax  is  cov  - 
ered  with  orange  scales. 

Abdomen  with  a  white  band  around  the  front  and  sides.  Middle 
of  the  back  black,  with  a  few  orange  scalea  around  the  edges.  Sides 
of  the  black  patch  irregularly  scalloped.  In  the  middle  are  oblique 
white  markings,  edged  with  orange-brown. 

The  legs  are  white  at  the  ends  and  dark  on  the  patella  and  tibia, 
and  outer  end  of  the  femur.  Ends  of  all  the  joints  darker  than  the 
middle. 

The  epigynum  has  two  large  anterior  openings  near  together,  and 
behind  and  each  side  of  them  two  other  large  openings  near  the  edge. 
Fig.  2e. 

The  adult  male  has  the  colors  much  like  the  young  male,  described 
above,  with  the  legs  black  on  the  patella  and  tibia,  and  part  of  the 
femur,  and  the  rest  white,  with  black  at  the  ends  of  the  tarsus  and 
metatarsus.  The  female  is  various  shades  of  brown,  mixed  with 
white  and  yellow  scales  and  black  hairs.     Fig.  2d,  2e. 

The  male  palpi  are  short,  black  at  the  base  and  white  on  the  top 
of  the  tarsus.  The  tibial  hook  is  long  and  blunt,  extending  along 
the  side  of  the  tarsus  half  its  length.  Fig.  2/,  2g.  The  palpal  organ 
has  the  inner  posterior  comer  swelled  and  extended  inward  to  a 
blunt  point.  Fig.  2f,  The  tube  curves  around  from  the  base  to 
the  tip  of  the  tarsus. 

A  common  species  in  eastern  Massachusetts.  Found  also  from 
the  White  Mountains  to  southern  Connecticut. 

Habrocestum  Splendens,  Peckham.     S  Ergane  splendens  Keys, 

9  PeRenes  nigriceps  Keys. 

I  have  only  seen  the  males  of  this  species.  It  has  been  fully  de- 
scribed by  Peckham  in  his  N.  A.  Attidae  in  the  Transactions  of  the 
Wisconsin  Academy,  vol.  vii,  and  figured  and  its  mating  habits 
described  in  vol.  i,  of  Occasional  Papers  of  the  Nat.  Hist.  Society  of 
Wisconsin,  Milwaukee,  1889. 

My  males  are  5'°°^  long,  with  the  cephalothorax  nearly  3"*".  The 
cephalothorax  is  widest  and  highest  behind  the  second  legs.  The 
front  part  projects  forward  beyond  the  mandibles  and  the  front  eyes 
look  a  little  downward.  PL  XX,  figs.  6,  6^.  The  abdomen  is  shorter 
than  the  cephalothorax,  widest  in  the  middle,  square  in  front  and 
pointed  behind.  The  legs  are  long  and  stout,  the  third  pair  longest. 
In  alcohol  the  brilliant  colors  of  the  male  fade,  and  the  colors  and 
markings  resemble  more  those  of  the  female.     The  cephalothorax  is 
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dark  brown,  with  a  transverse  light  marking  behind  the  eyes.  The 
whole  cephalothorax  is  thickly  covered  with  light  scales,  and  the 
front  half  with  black  hairs  between  them.  The  legs  and  palpi  are 
light  at  the  base  and  darker  brown  toward  the  tips,  covered  with 
scales  and  hairs,  either  black  or  various  shades  of  gray.  The  abdo- 
men is  marked  with  three  or  four  pairs  of  dark  spots,  united  together 
more  or  less  in  different  spiders,  the  front  pair  usually  forming  a 
single  transverse  mark,  with  a  light  mark  in  front  of  it.  The  light 
portions  of  the  abdomen  are  yellowish  in  the  middle,  and  bright 
copper-red  at  the  sides. 

The  male  palpi  have  the  femur  long,  the  patella  about  as  long  as 
wide,  and  the  tibia  half  as  long  as  wide.  The  tibial  hook  is  large 
and  flat,  fig.  5d,  and  lies  against  the  tarsus,  nearly  half  its  length. 
The  tarsus  is  short  and  wide,  and  the  bulb  of  the  palpal  organ  flat 
and  circular.  The  tube  starts  at  the  base  and  curves  around  the 
inner  side,  ending  in  a  short  groove,  pointing  outward  on  the  end  of 
the  tarsus.     Fig.  5c. 

Beverly,  Mass.  Clarksville,  near  Albany,  N.  Y.  Young  in  winter 
in  old  cocoons  of  ArgiopCy  on  marshes  between  Boston  and  Brook- 
line,  Mass. 

Habrocestum  peregrinum,  Peckham. 

These  specimens  have  been  identified  for  me  by  Mr.  Peckham. 

The  female  is  6™"*  long,  the  male  a  little  smaller  ;  both  sexes  smaller 
than  -ff  splendens.  The  area  between  the  eyes  slopes  forward  and  is 
covered  with  short  scales  mixed  with  longer  hairs,  light  brown  in  front 
and  darker  behind,  where  it  meets  a  white  marking  pointed  forward  in 
the  middle  and  curved  backward  and  outward  behind  the  eyes.  PL 
XX,  fig.  6.  On  each  side  of  the  cephalothorax  is  a  white  stripe, 
extending  from  the  front  lateral  eyes  backward  under  the  eyes,  and 
then  curved  upward  and  again  downward  to  the  end  of  the  thorax. 
The  abdomen  has  three  white  stripes,  with  black  between,  narrower 
and  sharper  in  the  male.  The  under  side  of  the  body  and  legs  are 
light  brown,  with  white  and  black  hairs. 

The  legs  of  the  third  pair  are  very  long  in  both  sexes,  and  in  the 
male  there  is  a  peculiar  shape  to  the  patella,  fig.  66,  which  is 
flattened  and  widened  at  the  distal  end,  where  there  is  a  stout  spine 
extending  over  the  tibia.  On  the  front  of  this  flattened  patella  is  a 
black  spot.  Mr.  Peckam  gives  an  account  of  the  use  of  this  orna- 
mental patella  in  the  pairing  of  an  allied  species  in  "  Occasional  Papers 
oi  the  Nat.  Hist.   Soc.  of  Wisconsin,  vol.  i,  No,  3,  1890."    Peck- 
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ham's  description  says,  two  short  spines  on  tibia  of  first  pair,  but  my 
male  has  three  pairs  of  spines  on  tibia  and  two  pairs  on  metatarsus. 

The  male  palpus  differs  little  from  that  of  splendetis.  The  tibial 
hook  is  a  little  sharper,  and  the  angle  of  the  tarsus  just  over  it,  a 
little  more  prominent. 

The  epigynum  has  a  simple  round  opening  directed  forward,  from 
which  a  tube  extends  backward.     Fig.  6a. 

I  have  only  three  specimens — an  adult  male  and  female,  and  one 
immature  male  from  Hyde  Park,  Mass.  Mr.  Peckham  has  it  from 
New  York  and  Connecticut. 

Saitis  pulex,  Peckham. 

Atki8  pulex  Uejitz.     SaiHa  X-notata  Keyserling.     Cyrba  pulex  KeyaerMug, 

A  common  spider  4  or  5""  long,  the  female  gray  or  brown  of  dif- 
ferent shades,  and  resembling  gray  stone  or  dried  leaves,  on  which 
it  lives.  The  cephalothorax  and  abdomen  are  of  the  same  length, 
the  abdomen,  of  the  female  wider  than  the  cephalothorax,  widest 
across  the  middle  and  pointed  behind.  PI.  XX,  fig.  la.  The  cepha- 
lothorax is  half  longer  than  wide,  widest  behind  the  middle.  The 
eye-space  is  half  wider  than  long,  narrower  behind  than  in  front. 
The  third  and  fourth  pairs  of  legs  are  of  the  same  length,  and  longer 
than  the  first  and  second.  The  cephalothorax  has  a  light  stripe  in 
the  middle,  between  the  eyes,  that  narrows  backward  to  a  point  at 
the  hinder  end.  The  abdomen  has  two  nearly  parallel  light  lines  in 
the  middle  of  the  front  half  and  behind  them  a  transverse  marking 
pointed  at  the  sides,  behin^  and  around  which  are  small,  irregular 
light  marks.  The  legs  are  covered  with  alternate  dark  and  light 
spots. 

The  epigynum  has  two  large  openings  near  together,  and  near  its 
hinder  edge.     Fig.  1g. 

In  the  male  the  abdomen  is  smaller  and  narrower,  the  head  higher 
and  the  colors  brighter.  Fig.  7.  The  cephalothorax,  between  the 
eyes  and  a  little  behind  them,  is  black.  The  front  and  sides  of  the 
head  below  the  eyes,  and  the  hinder  half  of  the  cephalothorax  are 
yellow,  or  orange.  The  abdomen  is  black  with  markings  like  the 
female.  The  legs  have  the  tarsi  yellow  and  the  other  joints  indis- 
tinctly marked  with  longitudinal  yellow  lines.  The  palpi  are  yellow, 
except  the  ends  of  the  tarsi  which  are  black.  On  the  under  side  the 
legs  and  abdomen  are  black.  The  coxaB  are  yellow,  with  a  black  line 
in  the  middle  and  the  sternum,  maxillte  and  mandibles  are  yellow  ; 
the  sternum  sometimes  with  a  black  middle  line.     The  male  palpi 
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have  the  tibia  very  short,  with  a  flat,  thin  hook.     Fig.  7e,  Id,     The 
tube  of  the  palpal  organ  is  short  and  curved  in  a  circle  on  the  end 
of  the  bulb  so  that  the  tip  points  inward.     Fig.  7e. 
Massachusetts  and  Connecticut. 

AttUS  palUStriS,  Peckbam. 

Female  6™"  long,  male  6™".  The  cephalothorax  is  three-fourths 
as  wide  as  long.  The  abdomen  is  short,  a  little  wider  than  the 
cephalothorax  and  pointed  behind.  PI.  XX,  fig.  3.  The  cephalo- 
thorax is  light  brown  in  the  female  and  dark  in  the  male,  with  a 
narrow,  white  stripe  in  the  middle,  widened  between  the  dorsal  eyes, 
and  a  white  stripe  each  side,  as  high  as  the  dorsal  eyes.  The  abdo- 
men ha8  a  wide,  white  transverse  marking,  just  behind  the  middle, 
and  several  angular  marks  behind  it.  On  the  front  half  are  two 
white  spots.  In  the  male  the  large  middle  marking  is  usually  divided 
into  two  white  spots. 

The  relative  length  of  the  legs  is  4,  1,  2,  3  in  the  female,  and  1, 
4,  2,  3  in  the  male.  The  dorsal  eyes  are  very  far  forward,  little 
more  than  half  as  far  from  the  front  eyes  as  they  are  from  each 
other. 

The  epigynum  has  a  large  oval  opening  divided  in  front  mto  two. 
The  hinder  edge  over  the  transverse  fold  has  a  small  projection  in 
the  middle.     Fig.  3c. 

The  hook  of  the  tibia  of  the  male  palpus  is  nearly  straight  and 
has  a  short  piece  at  the  tip  very  narrow.  Fig.  3^.  The  palpal 
organ  is  oval,  and  the  tube  extends  from  the  base  around  the  inner 
side,  the  end  pointing  outward.     Fig.  3a. 

Portland,  Me. ;  Eastern  Mass. ;  New  Haven,  Conn. 

Attus  sylvestris,  new  sp. 

Male  4"*"  long.  Cephalothorax  almost  as  wide  as  long.  Abdomen 
smaller  than  cephalothorax  ;  legs  shorter  and  stouter  than  in  A.  pal- 
lutris^  and  the  male  palpi  nearly  as  large  as  in  the  male  paludtrie^ 
which  is  half  larger.  The  colors  resemble  those  of  Saitis  pulex. 
The  legs  are  distinctly  ringed  with  dark  and  light  brown.  The 
cephalothorax  is  dark  brown,  covered  with  lighter  hairs,  which  are 
nearly  rubbed  off  in  the  specimens.  The  male  palpi  have  the  tarsus 
dark  brown,  and  the  rest  of  the  palpus  lighter  above  but  dark 
beneath.  The  tibia  and  patella  are  covered  with  white  hairs  that  are 
very  long  on  the  sides  of  the  tibia.  The  palpal  organ  resembles 
closely  that  of  A.  palustrisy  and  is  nearly  as  large.    The  markings 
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of  the  abdomen  are  dark  and  light  brown,  and  resemble  those  of 
Saitis  p^jUe^'  and  the  feniale  A,  paliistris.  There  is  a  large  light 
mark  across  the  middle  of  the  abdomen,  and  behind  it  several  light 
angular  marks.  In  colors  and  general  appearance  this  resembles 
Saltis  pulexy  and  lives  in  the  same  places  under  stones  and  leaves. 
Peverly  and  Middleton,  Massachusetts. 

Synemosyna  formica,  Hentz. 

This  is  the  most  common  ant-like  spider,  and  the  most  ant-like 
among  them.  It  is  6'"™  long,  and  the  cephalothorax  is  2"""  long  an<i 
I  mm  ^i(je.  The  cephalothorax  is  narrowed  behind  and  the  abdomen 
in  front  and  each  has  a  deep  depression  near  the  middle.  PI.  XXI, 
fig.  5.  The  pedicel  of  the  abdomen  is  flat  and  widened  behind,  so 
that  it  is  nearly  as  wide  as  the  ends  of  the  thorax  and  abdomen  which 
it  connects.  The  front  middle  eyes  are  large,  and  cover  two-thirds 
of  the  front  of  the  head.  The  rest  of  the  eyes  are  very  small.  The 
legs  are  slender,  their  relative  length  4,  3,  1,  2.  The  general  color 
is  black,  with  yellowish  white  markings.  There  is  a  triangular  white 
spot  in  front  of  the  dorsal  groove,  and  one  on  each  side  widening 
downward,  under  the  posterior  eyes.  On  the  abdomen  there  is  a 
white  stripe  extending  downward  from  the  dorsal  groove  on  each 
side,  and  uniting  in  a  large  white  patch  on  the  front  of  the  under 
side  of  the  abdomen.  The  second  legs  are  entirely  white,  the  first 
have  a  black  stripe  along  the  inner  side,  the  third  have  the  femur 
black  and  a  black  spot  at  the  base  of  the  tibia,  and  the  fourth  have 
the  femur,  the  end  of  the  patella  and  nearly  all  the  tibia  black, 
and  black  spots  on  the  front  of  the  coxaB  and  trochanter,  and  black 
lines  on  the  metatarsus.  The  palpi  are  white,  sometimes  with  dark 
spots  on  the  sides  of  the  joints. 

The  front  end  of  the  abdomen  has  a  hard  piece  on  the  under  side 
from  the  pedicel  to  the  epigynum,  which  extends  upward  on  each 
side,  so  that  the  edges  are  visible  from  above.  The  epigynum  has  a 
wide  oval  opening,  in  the  front  part  of  which  are  two  small  openings 
to  the  tubes. 

The  males  differ  but  little  from  the  females  in  color  and  general 
appearance.  The  head  is  higher  and  narrower,  and  the  mandibles  a 
little  longer,  turned  obliquely  forward  and  curved  apart  in  the 
middle.  Fig.  5c.  The  male  palpi  are  large.  The  tibia  is  short 
and  has  a  very  large  hook.  Fig.  5f.  The  palpal  organ  is  large  and 
only  half  covered  by  the  tarsus.     The  tube  passes  completely  around 
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the  bulb,  then  passes  through  the  usual  groove  to  the  outside  of  the 
tarsus,  where  it  is  coiled  once  around  the  flattened  end.     Fig.  6e. 

This  species  lives  on  plants  and  matures  early  in  the  summer.  At 
first  sight  it  resembles  an  .ant,  but  its  gait  is  slower  and  steadier.  I 
have  never  seen  it  jump  but  it  runs  quickly  when  frightened.  It  lives 
in  summer  on  bushes,  and  matures  in  June.  In  the  latter  part  of 
summer  only  young  are  to  be  found,  and  in  the  winter  it  hides  under 
leaves  on  the  ground. 

Common  at  New  Haven,  Conn.,  and  around  Boston,  Mass. 

SaltiCUS  ephlppiatUS,  Peckham. 
Spumoayna  epkippiata  Hentz. 

This  spider  is  7"™  long,  the  cephalothorax  3"™  long,  and  half  as 
wide.  In  color  and  general  appearance  it  resembles  orange-brown 
ants.  The  cephalothorax  is  high  in  front  and  low  behind  the  dorsal 
groove,  which  is  in  a  slight  depression.  PI.  XXI,  fig.  4a.  The  sides 
of  the  cephalothorax  are  nearly  straight  for  two-thirds  its  length,  and 
it  is  only  slightly  narrowed  behind.  The  abdomen  is  oval,  a  little 
narrower  in  front  than  behind.  The  legs  are  long  and  slender,  their 
length  4,  1,  3,  2.     Fig.  4. 

The  colors  are  various  shades  of  orange-brown,  some  individuals 
being  very  dark,  and  others  pale.  There  is  an  indistinct  light  mark 
across  the  middle  of  the  cephalothorax  and  across  the  abdomen,  a 
little  in  front  of  the  middle,  and  sloping  backward  down  the  sides^ 
nearly  to  the  spinnerets. 

The  femora  of  all  the  legs  are  dark,  except  a  light  stripe  on  the 
front  of  those  of  the  first  pair.  The  patella  and  tibiae  are  all  light 
on  the  upper  side  and  darker  beneath.  The  metatarsi  of  the  hind 
legs  are  dark,  the  others  partly  light  in  the  middle,  or  on  the  upper 
side.  The  tarsi  of  the  front  legs  are  dark,  the  others  light.  The 
coxae  of  the  third  legs  are  dark,  the  others  light.  The  palpi  of  the 
female  have  the  tibia  and  tarsus  very  much  thickened  and  covered 
with  stiff  hairs  on  the  under  side.  The  palpi  are  colored  as  dark  as 
the  head.  The  epigynum  has  two  small  openings  near  together,  and 
turned  toward  each  other.     Fig.  4c. 

Eastern  Massachusetts  and  New  Haven,  Conn.,  under  leaves,  and 
on  plants  in  summer. 
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Synageles  picata,  Peckham. 

Synemosyna  picata  Llentz. 

I  have  one  young  male  from  New  Haven,  Conn.,  that  appears  to 
be  of  this  species.  PI.  XXI,  fig.  3.  It  is  as  large  as  adults  sent  me 
from  Wisconsin  by  Mr.  Peckham,  but  not  as  distinctly  marked.  The 
cephalothorax  has  the  two  white  spots  in  the  middle,  but  is  not 
depressed  at  this  part  as  in  the  adult.  Fig.  3«.  The  coloring  is 
more  uniform  than  in  the  Wisconsin  specimens.  The  white  marks 
on  the  abdomen  show  indistinctly  as  do  the  markings  of  the  legs. 
The  specimen  is  3.5™™  long. 

The  adults  of  both  sexes  have  a  slight  elevation  around  the  pos- 
terior eyes,  and  a  distinct  depression  across  the  cephalothorax,  just 
behind  the  eyes.  Fig.  3^.  The  front  legs  of  the  female  are  twice 
as  thick  as  the  other  legs,  fig.  3c,  and  the  front  legs  of  the  male 
are  still  thicker,  especially  in  the  femur  and  tibia.  Fig.  3d.  The 
patttlla  and  tibia  are  flattened  in  front,  more  in  the  male  than  in  the 
female.  The  front  of  these  legs,  and  the  front  of  the  cephalothorax 
of  the  male,  are  purple  and  iridescent  in  a  bright  light.  In  alcohol 
they  become  dark  brown.  The  abdomen  has  two  white  stripes 
extending  down  the  sides  in  the  shallow  depression  across  the  front 
third.  The  abdomen  in  front  of  the  depression  is  rounded,  and 
sometimes  swells  in  alcohol  to  an  unnatural  width.  The  hinder  half 
of  the  cephalothorax  and  front  of  the  abdomen  are  lighter  colored 
than  the  parts  before  and  behind. 


EXPLANATION  OF  PLATES. 

Plate  XVI. 

Fig.  1.    Phidippus  ru/us^  female x4;    la,  malex4;  1&,  female,  nearlj  full  grown; 

Ic, youDg;  Irf,  young  soon  after  leaving  the  cocoon;  le,  epigynum  ;  1/  epigynum 

of  another  female;  1^,  immature  epigynum;  U,  male  palpus;  It,  male  palpus; 

1;,  brown  scales  from  young  female;  I  A:,  yellow  scale  from  young  female. 
Fig.  2.     Phidippus  hrunneus^  epigynum. 
Fig.  3.    Phidippu8  mystaceus^  female x 4;  3a,  36,  male  palpus;    3e,  epigynum;  3d, 

posterior  notch  of  epigynum  of  another  female. 
Fig.  4.  Phidippus  rttber  Keys;   male x  4;    4a,  epigynum;    46,  male  palpus;  4c,  male 

palpus. 
Fig   6.  Phidippus  tripunctatus^  female  x  4 ;   5a,  end  of  mandibles  of  male ;   66,  male 

palpus ;  5c,  patella  and  tibia  of  male  palpus ;  5(2,  white  scales  from  middle  of 

abdomen. 
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Plate  XVII. 

Fig.  1.  Dendryphaniea  militariay  female x 4;  la,  male  x 4:  lb,  mandible  of  male,  un- 
der side;  Ic,  mandible  of  male,  upper  side;  l(i(,  male  palpus. 

Fig.  2.  Dendryphantes  autivalia^  female  of  light  yarietj  x  4 ;  2a,  cepbalothoraz  of 
same  female  after  wetting  with  alcohol ;  26,  female  of  small  dark  variety ; 
2^  small  male  x  8 ;  2(/,  2e,  male  palpus ;  7J^  epigynum. 

Fig.  3.  DendrypharUea  monianuSy  cephalothorax  of  female ;  3a,  cepbalothoraz  of 
male;  36,  mandible  of  male;  3c,  epigynum  with  two  forms  of  posterior  notch; 
3d^  3«,  male  palpi. 

Fig.  4.  ZygobaUtu  beltini,  female x 6;  4a,  mandibles  of  male  under  side;  46,  male 
palpus. 

Fig.  6.  Zygob(»lhu  terrestriSf  iemsXe X  S ;  6a,  mandible  of  male;  56,  epigynum  ;  5c, 
male  palpus ;  5(2,  outer  side  of  tibia  of  male  palpus. 

Plate  XVIII. 

Fig.  1.  leiuB  pahnarumy  female x 4;  la,  side  of  cepbalothoraz  of  female;  16,  front 
of  head  of  a  male  with  short  mandibles ;  Ic,  cepbalothoraz  of  male  with  long 
mandibles;  1(2,  under  side  of  mandibles  of  male;  \e,  epig3mum;  I/,  another 
pattern  of  dorsal  markings  of  female;  Igr,  male x 4;  lA,  male  palpus;  li,  male 
palpus,  showing  tibial  hook. 

Fig.  2.    leius  mitraius^  male  ^  4. 

Fig.  3.  Ictus  eiegans,  female  x  4 ;  3(»,  side  of  cephalothorax ;  36,  front  of  head  of 
female ;  3c,  under  side  of  cepbalothoraz ;  3<f,  male  x  4 ;  3e,  front  of  head  of 
male ;  3/  3y,  male  palpus ,  36,  epigynum. 

Fig.  4.     icttft  eUgana,  dark  variety  of  male  x  4 ;  4a,  front  of  head ;  46,  4c,  male  palpus. 

Fig.  5.  Jcius  hartii^  female  x  4 ;  5a,  male  from  a  Wisconsin  specimen  from  Mr. 
Peckham ;  56,  male  palpus ;  5c,  tibial  hook  ;  5(f,  epigynum. 

Fig.  6.     Iciui JbrmicariuBj  female x4;  Ga,  side  of  cephalothorax;  66,  epigynum. 

Plate  XIX. 

Rg.  1.  Mavia  vi^to,  back  of  femalex4;  la.  dark  variety  of  malex4;  16,  light 
variety  of  male x 4;  Ic,  male  palpus  ;  1(/,  epigynum. 

Fig.  2.  Sattieus  scenicw^  female  x  4 ;  2a,  male ;  26,  side  of  cephalothorax  of  female  ; 
2c,  mandibles  of  male ;  2(f,  male  palpus ;  2c,  epigynum ;  2/,  tibial  hook  from 
above ;  2g,  tibial  hook  from  side. 

Fig.  3.  MarptHML  familiaris,  back  of  female  x  4 :  3a,  front  of  head  and  mandibles ; 
36,  male  palpus ;  3c,  side  of  male  palpus  without  tarsus ;  3d,  side  of  cepbalo- 
thoraz of  female ;  3c  3/  epigynum  of  two  individuals. 

Fig.  4.     Menemerus  binus,  female  x  4 ;  4a,  epigynum. 

Fig.  5.     Menemeru3  Uneatus^  female  x  4 ;  5a,  end  of  mandible ;  56,  epigynum. 

Plate  XX. 

Fig.  1.    .Mnm  ficf/tt,  back  of  female ;   la,  side  of    female;    16,  epigynum;    Ic,  male 
palpus. 
Trahs.  Ck)!fN.  Acad.,  Vol.  VIII.  34  Oct.,  1891. 
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Fig.  2.  Etiophrys  monadnock,  side  of  male;  2a,  under  side  of  cephalothorax  of 
male ;  26,  Tront  of  head ;  2c,  top  of  oephalothoraz  of  male ;  2d,  2e,  male  palpus ; 
2/,  female;   2g,  epigynum. 

Fig.  3.  Alhu palustria,  female  x  4,  legs  in  a  oatural  position;  3a,  male  palpus;  36, 
tibial  book  from  outside ;  Zc,  epigynum. 

Fig.  4.     AUu8  aylveatria,  male  x  4. 

Fig.  6.  ffabroeeslum  splendens,  male  x  6;  6a,  front  of  bead;  66,  side  of  cephalotho- 
rax; 6c,  male  palpus;  6(f,  tibial  hook. 

Fig.  6.  ffabrocestrum  peregrinum,  female  x  4 ;  6a,  epigynum ;  66,  patella  and  tibia  of 
third  leg  of  male,  front  side. 

Fig.  7.  Saitia  ptUez^  male  x  4 ;  7a,  female  x  4 ;  76,  oephalothoraz  of  male,  side  view ; 
7c,  male  palpus ;  Id,  7e,  tibial  hook ;   V*  ^<^ce  of  male ;  1g,  epigynum. 

Fig.  8.  Euophrya  cmciata,  male  x  4;  8a,  front  of  head;  86,  male  palpus  from  below : 
8c,  male  palpus  from  side  with  tibial  hook ;  8(2,  end  of  the  tarsus  of  male 
palpus ;  8c,  side  of  cephalothorax. 

Platb  XXI. 

Fig.  I.  Phlegra  2eopar(ftij,  female x 4 ;  la,  under  side  of  cephalothorax;  16,  epigy- 
num ;  Ic.  male  palpus  from  above;  1(/,  male  palpus,  under  side;  le,  tibial  hook, 
outer  side. 

Fig.  2.  fftuariua  hoyi^  young  female  x  4;  2a,  same  individual  after  keeping  in  alco- 
hol ;  26,  2c,  abdominal  markings  of  adult  females ;  2(f,  dorsal  markings  of  young 
female ;  2c,  epigynum  ;  2/  2y,  male  palpus. 

Fig.  3.  Synageles  picata,  young  female  x  6;  Ha,  side  of  young  female;  36,  side  of 
cephalothorax  of  adult  female  from  Wisconsin;  3c,  first  and  second  legs  of 
female  x  12  ;  3d,  first  and  second  legs  of  male  x  12,  from  Wisconsin  specimens. 

Fig.  4  Salticw  ephippiatua,  female  x  6 ;  4a,  side  of  cephalothorax  of  female ;  46, 
palpus  of  female ;  4c,  epigynum. 

Fig.  6.  Synemoayna  formica,  female  x  6;  6a,  side  of  female;  66,  under  side  of  mouth 
parts  of  male ;  6c,  front  of  head  of  male ;  6<2,  under  side  of  front  of  abdomen 
of  male;  5c,  palpus  of  male;  5/  tibial  hook;  6g,  epigynum. 


XV. — ^A  Pbovisional  List  of  the  Hepatic^  of  the  Hawaiian 
Islands.    By  A.  W.  Evans. 

During  the  years  IS15  and  1876,  Mr.  D.  D.  Baldwin  made  a 
systematic  collection  of  the  Hepaticse  found  growing  in  the  Ha- 
waiian Islands,  particularly  in  the  island  of  Maui.  These  were  sent 
to  Prof.  Eaton  for  determination,  and  he,  in  turn,  sent  many  of  them 
to  Mr.  Austin,  who  published  descriptions  of  several  new  species 
and  returned  to  Prof.  Eaton  a  list  of  his  determinations,  including 
many  species  previously  described.  The  following  list  is  based 
largely  upon  those  determinations,  but  contains  in  addition  several 
of  Mr.  Baldwin's  species  which  Mr.  Austin  did  not  examine.  All 
other  species  accredited  to  the  Islands  in  the  Synopsis  Hepaticarum 
and  in  other  publications  are  also  mentioned  in  the  list. 

Fmllania  arietina  Tajl.  Syn.  Hep.  p.  413.    Oahu  (Mann  and  Brigham). 

F.  sqiiaiTOSa  Neee^  Syn.  Hep.  p.  416.  Oahu  (Mann  and  Brigham);  Hawaiian 
Islands  (Hillebrand). 

I  F.  Sandvicensis  Angstr.  Ofver.  af.  Kongl.  Vet-Akad  Fdrhandl.  1872,  No.  4, 
p.  28.     Hawaiian  Islands  (Andersson). 

F.  hypoleuca  Nees,  Syn.  Hep.  p.  443.  Oahu  (Meyen) ;  West  Maui  (Baldwin,  81 1). 

F.  Kunzei  Lehm.  et  Lindenb.  Syn.  Hep.  p.  449.  Oahu  (Mann  and  Brigham) ; 
West  Maui  (Baldwin,  191 !). 

F.  apiculata  Nees,  Syn.  Hep.  p.  452.  Oahu  (Mann  and  Brigham):  West  Maui 
(BaldwiD,  57!  165!). 

F.  explicata  Mont  Syn.  Hep.  p.  452.     Hawaiian  Islands  (Oaudichaud). 

Jubula  piligera  {PmUania  Huichinsia  Nees,  var.  5,  Syn.  Hep.  p.  426;  F.  pili- 
gtra  Aust.  Bull.  Torr.  Bot.  Club,  vi,  p.  301).     Hawaiian  Islands  (Baldwin,  147 !). 

Lejeunea  alcina  Angstr.  dfver.  af.  Kongl.  Vet-Akad.  Fdrhandl.,  1872,  No.  4,  p. 
23.    Hawaiian  Islands  (Andersson). 

L.  Sandvicensis  {Phragmicoma  Sarulvicensis  Qottache^  Annal.  desSc.  Nat.  4me 
8^ie,  T.  viii,  p.  344;  P.  subsquarrosaa  Aust  Proc.  Acad.  Nat  Sei.  Phil.,  Dec. 
1869).  Hawaiian  Islands  (Oaudichaud,  Andersson,  Hillebrand);  West  Maui 
(Baldwin,  1131). 

L.  elongata  Aust  (Phragmicoma  elongata  Aust.  Proc.  Acad.  Nat  Sci.  Phil ,  Dec. 
1869).     Ha wiian  Islands  (Hillebrand,  etc.);  Kauai  (Baldwin,  2731). 

L.  Mannii  Aust  Bull  Torr.  Bot.  Club,  ▼,  p.  15.     Oahu  (Mann  and  BrigbamI). 

L.  gibbosa  Angstr.  1.  c.  p.  23.     Hawaiian  Islands  (Andersson). 
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Lf.  Anderssonii  Angstr.  l.  c.  p.  24.     Hawaiian  Islands  (Anderason). 

Lf.  ungulata  Angstr.  l.  c.  p.  26.     Hawaiian  Islands  (Andersson). 

L.  Owaihiensis  Gottscho,  Syn.  Hep.  p.  361.     Hawaii  (Herb.  Hook.) 

L.  OCUlata  Gottsche,  Syn.  Hep.  p.  367.    Hawau  (Herb.  Hook.). 

Lf.  Stenoschiza  Angstr.  l.  c.  p.  26.     Hawaiian  Islands  (Andersson). 

Lf.  Pacifica  Mont.  Syn.  Hep.  p.  378.    Hawaiian  Islands  (Gaudichaud,  Anderaaon), 

Li.  SUbliglllata  (L.  cancellata  Lindenb.  in  Herb,  non  Nees  et  Mont, ;  L.  Sandvi' 
censis  Steph.  Hedwigia,  zxiz,  p.  88).    Hawaiian  Islands  (Gaudichaud). 

Lf.  albicans  Nees,  Syn.  Hep.  p.  386  (L,  cucuilata  Lindbnb.  in  Herb,  non  Neee; 
.     vid.  Steph.  1.  c.  p.  89).    Oahu  (Meyen). 

Lf.  CUCUUata  Nees,  Syn.  Hep.  p.  39C.    Hawaiian  Islands  (Andersson,   Hille* 
brand). 

L.  Calyptrifolia  Dum.?  {L.  calyptrata  Angstr.  1.  c.  p.  27).     Hawaiian  Islands 
(Andersson). 

L.  Hillebrandii  Aust.  Bot.  Gazette,  i,  p.  36.    Hawaiian  Islands  (Hillebrand). 

L.  CeratOCarpa  Angstr.  l.  c.  p.  27  (?Z.  obcordata  Aust.  Bot  Gazette,  i,  p.  36). 
Hawaiian  Islands  (Andersson);  West  Mauii  (Baldwin). 

Badula  reflexa  Nees  et  Mont.  Syu.  Hep.  p.  263.    Hawaiian  Islands  (G^audi- 
chaud). 

B.  XalapensiS  Mont.  Syn.  Hep.  p.  255.     Hawaiian  Islands  (Baldwin,  2321). 

R.  Javanica  Gottsche,  Syn.  Hep.  p.  257.     Hawaii  (Herb.  Hook.);   Bast   Maui 
(Baldwin,  50,  1791). 

B.  Mannii  Aust.  Bull.  Ton*.  Bot.  Olub,  v,.p.  15.    Oahu  (Mann  and  Brigham !) : 
East  Maui  (Baldwin,  21!). 

Porella  HawaiiensiS  n.  sp.     West  Maui  (Baldwin!). 

Brownish-green,  caespitose  ;  stems  one-  to  three-pinnate ;  leaves 
loosely  imbricated,  spreading,  falcate-ovate,  the  margins  mostly 
entire  or  toothed  towards  the  apex,  which  is  coarsely  and  irregularly 
spinulose-dentate,  the  ventral  margin  distinctly  folded  at  about  the 
middle ;  lobule  narrow,  lingulate-ovate,  with  entire  or  undulate 
margins ;  amphigastria  about  the  width  of  the  stem,  ovate,  mostly 
entire,  the  apex  variously  one-  to  four- toothed  ;  fruit  not  seen. 

Leaves  about  1-5""°  long,  O-S""*  wide  ;  cells  in  middle  of  leaf 
Q.Q25min  jn  diameter. 

Allied  to  Madotheca  Ugulifera  TayL  (Syn.  Hep.  p.  263,  n.  1), 
from  which  it  differs  in  the  shape  of  the  leaves,  in  their  mode  of 
insertion,  and,  especially,  in  the  peculiar  characters  of  the  amphi- 
gastria. 

P.  laevigata  Lindb.  (Madotheca  hxvigata  Dum.   Syn.  Hep.  p.  276).     Bast  Maui 
(Baldwin,  222!), 
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PleurOZia  gigantea  Lindb.  (PhyswHum  sphagnoides  Nees,  Syn.  Hep.  p.  235). 
Hawau  (Herb.  Hook.). 
Var.  major  (Jack),  Hedwigia,  xxv,  p.  66.    Hawaii  (Herb.  Carrington). 

P.  OOChlearifonxiis  Dam.  (PhysioUum  coehleariforme  Nees,  Syn.  Hep.  p.  235). 
Hawaii  (Herb.  Hook). 

P.  COnchsefolia  Aust.  {PhysioOum  conehafolium  Syn.  Hep.  p.  235).  Hawaiian 
lalands  (Beechey,  etc.) ;  West  Maui  (Baldwin,  18 1). 

P.  SUbinflata  Aust.  (PhynoUum  svibinflatum  Aust.  Proc.  Acad.  Nat.  Sci.  Phil, 
Dec  1869).     Hawaii  (Mann  and  Brigham);  West  Maui  (Baldwin,  47 1). 

TrichoCOlea  gracillima  Aust.  Bot.  Gazette,  iii,  p.  6,  West  Maui  (Baldwin, 
134!). 

Herberta  sangUinea  Aust.  Bull.  Torr.  Bot.  Club,  vi,  p.  302  (Senditiera  juni- 
perina^  Tar.  aanguinea  Mont.  Syn.  Hep.  p.  239).  East  and  West  Maui  (Baldwin, 
151  92!  98!). 

MastigOphora  gracilis  Mont  {Sendtnera  gracilis,  Syn.  Hep.  p.  243;  S,  iris- 
iidia  Aust.  Proc.  Acad.  Nat.  Sci.  Phil,  Dec.  1869).  Oahu  (Mann  and  Brigham! 
Baldwin,  274!). 

Bazzania?  integrifolia  {Afastigobryumt  irUegrt/oHum  Aust.  Bot  Gazette,  i, 
pu  32).    Hawaiian  Islands  (Baldwin). 

B.  patens  (M.  patens  Lindenb.  Syn.  Hep.  p.  221;  Ji.  parvisliptUum  Aust  Bull. 
Torr.  Bot  Club,  v,  p.  16).    Oahu  (Mann  and  Brigham) ;  West  Maui  (Baldwin,  68 !). 

B.  Srighami  (M.  Brighami  Aust.  I  c).  Oahu  (Mann  and  Brigham);  Hawaiian 
Islands  (Baldwin  I). 

B.  COrdlStipnla  (M.  cordisttpuhm  Lindenb.  Syn.  Hep.  p.  224).  Hawaiian 
Islands (6 audichaud,  etc.):  Oahu  (Mann  and  Brigham);  Molokai  (Baldwin,  222!) 

B.  ialcata  {M,/aIcatum  Lindenb.  Syn.  Hep.  p.  231).    West  Maui  (Baldwin,  12!). 

B.  Baldwinii  Aust  Ms.     West  Maui  (Baldwin.  199!). 

Stems  simple  or  slightly  branched,  flagelliferous,  clustered  ;  leaves 
approximate  or  slightly  imbricated,  usually  somewhat  deflexed,  tri- 
angular-ovate, entire,  the  apex  rounded  or  variously  1-4-toothed,  the 
dorsal  margin  arching  over  the  stem,  the  ventral  oblique  or  some- 
what cordate  at  its  insertion  ;  amphigastria  a  little  wider  than  the 
stem,  orbicular-quadrate,  entire  or  crenulate  above. 

Stems  3-4*^™  long ;  leaves  O-T-O-S"*"  long  by  0-4-0-6"°»  wide  ;  leaf- 
cells  averaging  about  0*024™°*  in  diameter. 

B.  defleza  Underw.  {M.  deflexum  Nees,  Syn.  Hep.  p.  281).  East  Maui  (Baldwin, 
231 1). 

B.  Xninuta  (M.  minutum  Aust  Bull.  Torr.  Bot  Club,  ▼,  p.  17).  Hawaiian  Islands 
(Hillebrand);  £ast  Maui  (Baldwin,  65  in  part!). 

LepidOZia  SandvicensiS  Lindenb.  Syn.  Hep.  p.  201  (L.  filipendula  TayL 
Syn.  Hep.  p.  713).     Hawaiian  Islands  (Tolmie,  etc.);  West  Maui  (i^aldwin,  69!). 
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L.  reptans  Nees.    West  Maui  (Baldwin,  1501). 

Cephalozia  znultiflora  Spruce.     Oahu  (Mann  and  Brigham). 

C.  Sandvicensis  {Jtmgermannia  Sandvicenais  Mont.  Syn.  Hep.  p.  142).     Ha- 
waiian Islands  (Gaudichaud). 

OdontOSChisma  SUbjnlacea  Aust.  Bull.  Torr.  Bot  Club,  yi,  p.  303  {J.  cau' 
difera  Tayl.  Mas.,  in  part).    West  Maui  (Baldwin,  233 1). 

O.   Sandvicensis  (SpJiagncscetts  Sandvicensis  Angstr.  Ofver.   af  Kongl.  Vet.- 
Akad.  Forhandl.,  1872,  No.  4,  p.  22).     Hawaiian  Islands  (Andersson). 

Hantia  biflirca  (Calypogeia  bifmxa  Aust.   Proc.   Acad.  Nat.  ScL  Phil.,  Dec 
1869).    Hawaiian  Islands  (Hillebrand). 

K.  bidentula  (C.  bidentula  Nees,  Syn.  Hep.  p.  199).    West  Maui  (Baldwin,  lOll). 

K.  Baldwinii  (C.  BaldwinU  Aust.  Bot  Gazette,  i,  p.  32).    West  Maui  (Baldwin, 
141 !). 

SaCCOg3ma?  Bolanderi  (Gymnanthef  Bolanderi  Aust,  Proo.  Acad.  Nat.  Sei. 
Phil.,  Dec.  1869).     Hawaiian  Islands  (Hillebrand). 

Scapania  undulata  Dum.  yar.     West  Maui  (Baldwin,  94  in  part!). 

S%  Oakesii  Aust?    West  Maui,  young  specimens  (Baldwin,  94  in  parti). 

S.  neznorosa  Dum.     East  and  West  Maut,  a  small  form  (Baldwin,  149,  214!). 

S.  planifolia  Dum.     West  Maui  (Baldwin,  831). 

Diplophyllum  albicans  Dum.  (Jungermanvia  albicans  Lmu.SjJi,  Hep.  p.  75). 
East  Maui  (Baldwin,  245 1). 

LophOCOlea  COnnata,  var.  (it  Syn.  Hep.  p.  153.     West  Maui  (Baldwin,  661). 
The  specimens  are  all  sterile  and  may  possibly  be  L.  Martiana  Nees. 

Li.  Breutelii  Gottsche,  Syn.  Hep.  p.  154.    West  Maui,  mixed  with  the  preceding 
species  I 

L.  Columbica  Gottsche,  Syn.  Hep.  p.  155.    West  Maui  (Baldwin,  91,  in  part). 

L.  Orbigniana  Mont,  et  Nees,  Syn.  Hep.  p.  156.     West  Maui  (Baldwin,  761). 

J 4,  Q-audichaudii    Mont.  Syn.  Hep.  p.  156.    Hawaiian  Islands  (Gaudichaud); 
West  Maui  (Baldwin,  111  I). 

L.  bidentata  Dum.  Syn.  Hep.  p.  159.     West  Maui  (Baldwin,  140!). 

•  L.  Beecheyana  Tayl.  Syn.  Hep.  p.  690.    Oahu  (Beechey  in  Herb.  Hook,). 

L.  spinosa  Gottsche,  Syn.  Hep.  p.  170.     Hawaii  (Herb.  Hook.). 

PlagiOChila  simplex  Lindenb.  Syn.  Hep.  p.  30.     East  and  West  Maui  (Bald- 
win,  117!  184!  196!  205!  237!). 

P.  gracillima  Aust.  Ms.     Molokai  (Baldwin,  211 !). 

Much  branched,  glossy,  and  bearing  numerous  flagellae  ;  leaves 
of  stem  and  main  branches  distant,  oblong-ovate,  the  dorsal  margin 
curved,  usually  entire,  slightly  decurrent  at  base,  the  ventral  either 
entire  or  bearing  1  or  2  sharp  teeth,  the  apex  strongly  emarginate- 
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bidentate  with  snb-equal  divergent  teeth  ;  leaves  of  flagellae  minute, 
mostly  bidentate. 

Leaves  0.6"*°*  long,  0*46°*°*  wide  ;  cells  of  leaves  averaging  O'OIS""* 
in  diameter. 

P.  firondeSCens  Nees,  Sjn.  Hep.  p.  31.     East  Maui  (Baldwin,  5,  85 1). 

P.  GkltLdichaudii  Mont  et  Gottscbe,  Annal.  des  Sc.  Nat.  4me  sdrie,  T.  vi,  p.  193 
(P.  temii»  Mont,  non  Lindenb.).     Hawaiian  Islands  (Gaudicbaud,  Andersson). 

P.  Baldwinii  Aust.  Ms.  (P,flava  Ausl.  Ms).     West  Maui  (Baldwin,  115!). 

Loosely  csBspitose,  brownish -yellow,  robust ;  stems  simple  or  spar- 
ingly branched  ;  leaves  sub-imbricated,  ovate,  slightly  curved,  the 
margins  entire  or  a  little  undulate,  the  dorsal  decurrent ;  the  apex 
rounded,  usually  bearing  from  one  to  three  sharp  teeth. 

Stem  5-8*^"  long  ;  leaves  2-2-5™"*  long,  l™"*  wide  ;  cells  0-027""'  in 
diameter. 

P.  fissidentoides  Tayl.  Sju.  Hep.  p.  636.  Hawaiian  Islands  (Menzies);  West 
Maui  (Baldwin,  95). 

P.  adiantoides  Lindenb.  Syn.  Hep.  p.  38.    Oahu  (Mann  and  Brigbam). 

P.  defleza  Mont  et  Gottscbe,  Annal.  des.  Sc.  Nat.  4me  s^rie,  T.  yi,  p.  192  (P. 
patttta  Mont,  non  Nees  et  Mont. ;  P.  patena  Aust.  Ms.).  Hawaiian  Islands  (Gaudi- 
cbaud); West  Maui  (Baldwin,  601). 

P.  OwaihiensiS  Nees  et  Lindenb.  Syn.  Hep.  p.  46.  Hawaii  (Herb.  Hook.); 
Oahu,  West  Maui,  Kauai  (Baldwin,  1601  201 !  2061). 

P.  Eatoni  Aust  Ms.     West  Maui  (Baldwin,  1091). 

Stems  mostly  simple  ;  leaves  opposite,  loosely  imbricated,  spread- 
ing, slightly  unsymmetrical  (the  leaves  on  one  side  being  more 
obliquely  inserted  than  on  the  other),  orbicular-ovate,  entire,  the 
dorsal  margins  decurrent,  the  ventral  connate  at  insertion. 

Stems  10-12*^"»  long;  leaves  1-5-2"'"  long,  1-1-5™™  wide.  P. 
EcUoni  is  apparently  a  near  ally  of  P,  Brauniana  Nees  (Syn.  Ilep. 
p.  51,  n.  70)  but  the  leaves  are  distmctly  imbricated  and  somewhat 
longer  than  they  are  broad. 

P.  oppositifolia  Aust  Bull  Torr.  Bot.  Club,  v,  p.  16.  Hawaiian  Islands  (Hil- 
lebrand);  West  Maui  (Baldwin,  93 !  97 !). 

P.  biserialiS  Lehm.  et  Lindenb.  Syn.  Hep.  p.  53.     East  Maui  (Baldwin,  216!). 

P.  deltoidea  Lindenb.  Syn.  Hep.  p.  55.     West  Maui  (Baldwin,  198!). 

P.  aOUtiUSOUla  Aust  Ms.    West  Maui  (Baldwin,  116!). 

Pale  brownish-green,  csespitose,  glossy ;  stems  simple ;  leaves 
imbricated,  spreading,  ovate,  the  margins  entire  except  at  the  apex. 
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which  is  sharply  incised-dentate,  the  apical  tooth  being  larger  than 
the  others  and  projecting  beyond  them. 

Stems  2-5-4^™  long  ;  leaves  1""  wide,  l*5-2^"  long  ;  leaf-cells  aver- 
aging 0*033"°'  in  diameter. 

Several  other  possibly  distinct  Plagiochilce  occur  in  too  small 
quantity  for  determination. 

Mylia  Taylori  S.  F.  Gray  {Jungermannia  Tayiori  Hook.  Sjn    Hep.  p.  82).    Ha- 
waii (Herb.  Lehm.). 

Jungermannia  piligera  Nees,  Syn.  Hep.  p.  si.    Oahu  (Meyen);  West  Maui 
(Baldwin,  79!). 

J.  rigida  Aust  Ptoc.  Acad.  Nat.  Sci.  Phil., -Dec.  1869.    Hawaiian  Islands  (Hille- 
brand);  West  Maui  (Baldwin,  641  1541). 

J.   robUSta   Aust.  1.  c.  Hawaiian  Islands  (Hillebrand);   West  Maui  (Baldwin, 
2681). 

J.  COriacea  Aust.  l.  c.  Hawaiian  Islands  (Hillebrand,  Baldwin!). 

J.  macrophylla  Ingstr.  Ofver.  af.  Kongl.  Yet-Akad.  Forhandl.  1872,  No.  4, 
p.  22.    Hawaiian  Islands  (Andereson). 

J.  SUbulata  n.  sp.  Hawaiian  Islands  (Baldwin  I). 

Caespitose,  brownish-green  ;  stems  mostly  simple,  creeping,  ascend- 
ing at  the  apex,  radiculose  ;  leaves  spreading,  imbricated,  ovate, 
entire,  rounded  at  the  apex  ;  amphigastria  wanting  ;  outer  involucral 
leaves  like  the  stem-leaves,  the  inner  very  small,  awl-shaped,  slightly 
denticulate  ;  perianth  (young),  oblong-obovate,  contracted  at  the 
denticulate  mouth,  surpassing  the  inner  involucral  leaves,  scarcely, 
if  at  all,  plicate. 

Leaves  2-2-6™"'  long,  1-1 -S"*"*  wide  ;  cells  oval,  about  0-029"^°*  in 
width,  those  of  the  inner  involucral  leaves  rapidly  increasing  in  size 
at  the  apex  and  resembling  in  character  the  terminal  cells  of  the 
perianth. 

J.  lurida  Dum.  (J,  nana  Nees,  Syn.  Hep.  p  91).     Hawaiian  Islands  (Hillebrand). 

J.  Ssenbeckii  Mont.  Sjn.  Hep.  p.  98.    Hawaiian  Islands  (Gaudicbaud,  An- 
dersson). 

J.  lUCens  n.  sp.     East  Maui  (Baldwin,  65,  in  part !). 

Loosely  tufted,  whitish -green  ;  stems  simple  or  innovating  from 
beneath  the  involucre,  rootless  ;  leaves  remote,  except  at  the  summit 
of  the  stem  where  they  are  imbricated,  loosely  areolate,  pellucid, 
sub-transverse,  entire,  complicate,  bilobed  about  one-third  their 
length,  the  lobes  acute  and  nearly  equal  with  an  acute  sinus ;  involu- 
cral leaves  about  three,  deeply  two-lobed,  the  margins  irregularly 
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sinuoas-denticulate  ;  perianth  ovate-cylindrical,  somewhat  plicate  at 
the  dentate  mouth. 

Stems  1  •5-2-5''"'  long  ;  leaves  0-6-0-75™"*  long,  0-4-0-7"^'"  wide  ; 
leaf-cells  averaging  0-065""°  long  by  0-035""  wide. 

This  species  is  allied  to  J.  minuta  Crantz  ;  it  differs  in  its  larger 
size,  in  the  larger  and  looser  areolation  of  its  leaves,  in  its  pale  color, 
and  in  its  normally  two-cleft  involucral  leaves.  The  sinus  of  the 
leaves  has  an  angle  of  a  little  less  than  90"^  ;  the  sinus  of  the  involu- 
cral leaves  is  often  much  sharper. 

Nardia  Callithrix  Spruce  (J.  caUHhrix  Lindenb.  et  Gotteche,  Syn.  Hep.  p.  673). 
Hawaiian  Islands  (Hiilebrand). 

N.  Mauii  {J.  Maun  Aust.  Bull.  Torr.  Bot  Club,  vi,  p.  303).     West  Maui  (Baldwin, 
242!). 

N.  exserta  n.  sp.    West  Maui  (Baldwin,  2641). 

DicBcious,  csespitose,  dark  or  blackish  green  ;  stems  simple,  radic- 
ulose,  rigid,  erect ;  leaves  subtransversely  inserted,  imbricated, 
obliquely  spreading,  orbiculate,  entire  ;  amphigastria  none  ;  involu- 
cral leaves  two  or  three,  similar  to  the  stem-leaves,  slightly  connate 
with  the  perianth  at  its  base  ;  perianth  large,  long-exserted,  obovoid 
or  campanulate,  slightly  plicate,  the  mouth  open,  lacerate. 

StemB  2-3*^™  long  ;  leaves  about  l™"*  in  diameter,  the  cells  aver- 
aging 0-025™'°  in  diameter  ;  perianth  about  3**""  in  length. 

Tylixuanthus  integrifolius  n.   sp.     Bast  and    West  Maui   (Baldwin,   95! 
1831). 

Dioecious,  c«spitose,  brownish-green  ;  stems  simple  or  somewhat 
pinnately  divided,  eradiculose  except  near  the  extremity  of  fruit- 
ing stems  ;  leaves  contiguous  or  slightly  imbricated,  oblong  or  ovate, 
the  margins  mostly  entire,  except  near  the  involucre  where  they  are 
irregularly  crenulate,  the  dorsal  margin  often  more  or  less  indented 
near  the  rounded  apex  ;  amphigastria  none  ;  involucre  ovoid,  thick- 
ened, with  numerous  radicles. 

Stems  about  4^™  long ;  leaves  1-1  •5'"'"  long,  1"""  wide ;  cells 
0-025™™  in  diam.  in  middle  of  leaf,  longer  towards  base ;  involucre 
2-5-3™™  long,  1™™  wide. 

Pallavicillia  CylindriCa  {Steetzia  cyUndnca  Aust.  Bull.  Torr.  Bot.  Club,  v, 
p.  17),     Hawaiian  Islands  (Hiilebrand);  West  Maui  (Baldwin,  70  in  part!). 

P.  Baldwinii  (8.  BaldwmU  Aust.  1.  c.  vi,  p.  303).     West  Maui  (Baldwin,  70  in 
part). 

Traits.  Conn.  Acad.,  Vol.  VIII.  36  Dec,  1891. 


260         A.  W.  Evans— A  Provisional  List  of  the  Hepaticas 
Symphyogyna  semi-involucrata  Aust.  i.  c.  y,  p.  15.    Oaha  (Mann  and 

Brigbam) ;  Hawaiian  Islands  (Baldwin !). 

MetZgeria  diohotoma  Nees.  Syn.  Hep.  p.  6O4.     West  Maui  (Baldwin,  1061). 

Aneura  multifida  Dum.   Syn.   Hep.  p.   496.     Oahu  (Mann   and  Brigham); 
Hawaiian  Islands  ( Billebrand). 

A.  pinnatifida  Nees,  Syn.  Hep.  p.  495.    West  Maui  (Baldwin,!  io  I). 

A.  palmata  Dum.  Syn.  Hep.  p.  498.     Oahu  (Mann  and  Brigham);  Hawaiian 
Islands  (Hillebrand). 

A.  pectinata  Aust.  Bull.  Ton*.  Bot.  Club,  y,  p.  15.     Oahu  (Mann  and  Brigham); 
Hawaiian  Islands  (Hillebrand);  West  Maui  (Baldwin.  711). 

A.  pingUiS  Dum.  Syn.  Hep.  p.  493.    West  Maui  (Baldwin,  1191). 

DendrOCeros   Clintoni   Aust.  Bull.   Torr.   Bot   Club,   y,   p.    14.     Hawaiian 
Islands  (Mann  and  Brigham). 

Anthoceros  Vincentianus  Lehm.  et  lindenb.  Syn.  Hep.  p.  587.    Kauai 
(Baldwin,  2381). 

A.  VesiCTlloSUS  Aust  Bull.  Torr.  Bot  Club,  y,  p.  17.    Hawaiian  Islands  (Hille- 
brand, Baldwin  1). 

Marchantia  polymorpha  Unn.  Syn.  Hep.  p.  522.     Hawaiian  IsUnda  (Hille- 
brand). 

M.  Crenata  Aust.  Bull.  Torr.  Bot  Club,  y,  p.  14.     Hilo  (Mann  and  Brigham  I). 

M.  disijuncta  Sull.  Mem.  Amer.  Acad.  n.  ser.  lii,  p.  63.     Hawaiian  Islands  (Bald- 
win, 90!  145  in  parti). 

The  male  receptacles  agree  with  Sullivant's  description  and  figures, 
but  the  female  are  not  so  deeply  parted  as  he  represents. 

Several  other  species  of  Marchantia^  which  were  considered  new 
and  named  provisionally  by  Austin,  occur  in  too  small  quantity  for 
description. 

Fimbriaria  innovans  Aust.  {MarehaiUia  innovana  Aust  Bull.  Torr.  Bot  dub, 
y,  p.  14).     Hanalei,  Kauai  (Mann  and  Brigham);  Bast  Maui  (Baldwin,  891). 

Duxnortiera  hirsuta  Nees,  Syn.  Hep.  p.  643.     Hawaiian  Islands  (Hillebrand); 
Maui  (Mann  and  Brigham,  Baldwin  1). 

D.  trichocephala  Nees,  Syn.  Hep.  p.  545.     Hawaiian  Islands  (Douglaa);  Oahu 
(Mann  and  Brigham). 

D.  Nepalensis  Nees.    Hawaiian  Islands  (Hillebrand). 

AitOHia  COrdata  {Flagiochasma  cordala  Lehm.  et  Lindenb.  Syn.  Hep.  p.  612). 
Hawaiian  Islands  (Hillebrand). 
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DESCRIPTION   OF  FIGURES. 

Plate  XXII. 

Pordki  HawaiiengiSy  n.  sp.  Fig.  1.  Plant  x  | ;  fig.  2,  branch,  ypntral  view  x  12 ;  fig.  3, 
pair  of  leaves,  dorsal  view  x  12. 

Basumia  BaMwinH  Aust.  Ms.  Figs.  4,  5.  Parts  of  stems,  dorsal  and  ventral  views 
xl2. 

PiagtochUa  gracilHma  Aust  Ms.  Figs.  6,  7.  Parts  of  stems,  dorsal  and  ventral  views 
xl2. 

P.  Baldwinii  Aust.  Ms.  Fig.  8.  Stemx|:  figs.  9,  10,  parts  of  stems,  dorsal  and 
ventral  views  x  6. 

P.  Eakmi  Aust  Ms.    Figs.  11,  12.  Parts  of  stems,  dorsal  and  ventral  views  x  6. 

P.  €fpptmtifoHa  Aust  Fig.  13.  Plant  x  |;  figs.  14, 15,  parts  of  stems,  dorsal  and  ven- 
tral views  x6;  fig.  16,  involucral  leaf  x6;  fig.  17,  perianth  x  6. 

Plate  XXIIL 

Plagioehila  acutiuMcuIa  Aust  Ms.  Figs.  1,  2.  Parts  of  stems,  dorsal  and  ventral  views 
x6. 

Jvhf/ermarmia  ntbukita^  n.  sp.  Fig.  3.  Extremity  of  fruiting  stem  with  perianth  x  6 ; 
fig.  4,  involucral  leaf  x  76. 

J.  heena,  n.  sp.  Fig.  5.  Fertile  stem  x  | ;  fig.  6,  ezlremity  of  same  x  6 ;  fig.  7,  ex- 
tremity of  sterile  stem  x  6 ;  fig.  8,  leaf  expanded  x  6 ;  fig.  9,  involucral  leaves 
X  B;  fig.  10,  perianth  x  6. 

Nardia  exgerta^  n.  sp.    Fig.  11.  Extremity  of  fertile  stem,  showing  perianth  x  6. 

I)flwianthu8  iniegrifoliusy  n.  sp.  Fig.  12.  Extremity  of  fertile  plant,  showmg  involucre 
X  6;  figs.  13,  14,  parts  of  sterile  stems,  dorsal  and  ventral  views  x  6. 


XVI. — An  Arrangement  of  the  Genera  op  Hepatic^. 
By  a.  W.  Evans. 

At  the  beginning  of  the  present  century,  the  writers  on  Hepaticse 
included  nearly  the  whole  of  the  present  order  Jungermanniaceae 
under  the  single  genus  Jungermannia,  The  only  exception  to  this 
rule  was  in  the  case  of  Blasia  pitsiUa,  which  was  usually  kept  as  a 
distinct  genus ;  but  even  this  was  reduced  to  a  species  of  Junger- 
mannia  by  Hooker  in  his  '^  British  Jungermanniese  "  finished  in  1816. 
The  splitting-up  of  this  vast  genus  Jungermannia  was  begun  by 
Raddi  (1820),  who,  in  an  account  of  some  of  the  Italian  Hepaticae, 
arranged  his  species  under  a  dozen  or  more  distinct  genera.  He  was 
quickly  followed  in  this  work  of  division  by  S.  P.  Gray  (1821)  and  by 
Dumortier  (1822).  Each  of  these  three  investigators  worked  inde- 
pendently, and,  in  this  way,  gave  rise  to  a  mass  of  synonymy  which 
has  since  caused  a  great  deal  of  confusion.  The  work  of  6ray> 
which  remained  overlooked  by  botanists  for  more  than  forty  years, 
has  been  especially  unfortunate  in  this  respect ;  and  this  chiefiy  on 
account  of  the  generic  names  which  he  employed.  In  nearly  every 
case,  these  were  derived  from  the  names  of  persons,  but,  instead  of 
using  the  feminine  termination,  as  is  usual  in  such  cases.  Gray  wrote 
his  names  in  the  masculine,  and  published  such  genera  as  Bazzanins, 
Kantius,  etc.  Most  recent  writers  have,  nevertheless,  adopted  these 
names  in  an  emended  form,  the  termination  being  changed  into  the 
feminine. 

In  the  Synopsis  Hepaticarum  (1844-47),  most  of  the  genera  of 
Raddi  and  Dumortier  were  acknowledged ;  but,  in  some  cases,  the 
names  adopted  for  these  genera  were  the  later  ones  of  Corda  (1829) 
and  of  Nees  von  Esenbeck  (1833-38),  so  that  they  ought  no  longer  to 
be  retained.  Since  the  publication  of  this  volume,  there  has  been 
no  very  comprehensive  work  on  descriptive  hepaticology.  The 
numerous  shorter  works  on  the  species  of  limited  regions  or  of 
special  groups,  which  have  appeared  from  time  to  time,  have,  how- 
ever, contained  a  number  of  new  genera ;  and,  since  many  of  these 
papers  appeared  in  local  periodicals  or  in  the  transactions  of  scien- 
tific societies,  they  are  now  difficult  of  access. 

Taking  these  facts  into  consideration,  it  has  been  thought  well  to 
bring  together,  in  an  arrangement,  the  various  genera  which  are 
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acknowledged  by  most  recent  hepaticologists.  Under  each  genus, 
the  place  and  the  date  of  its  original  publication  have  been  given, 
together  with  enough  of  the  synonymy  to  show  the  claims  of  the 
accepted  name  for  recognition.  The  names  of  Gray  are  in  all  cases 
given  with  the  feminme  termination. 

The  arrangement  adopted  is  based  on  that  of  Dr.  Underwood  in 
the  Sixth  Edition  of  Gray's  Manual.  It  combines  peculiarities  of 
both  Lindberg's  and  Spruce's  arrangements.  The  tribal  names  are 
mostly  taken  from  Lindberg. 

In  the  preparation  of  this  and  the  preceding  paper,  my  sincere 
thanks  are  due  Prof.  D.  C.  Eaton,  who  has  allowed  me  the  use  of 
his  library  and  herbarium,  and  who  has  given  me  much  bibliograph- 
ical and  critical  assistance. 

ORDER  I.    JUNGERMANNIACE^. 
TRIBE  I.    FRULLANIEiE. 

1.  Fnillania  Raddi,  Jung.  Etr.  in  Mena.  Moden.  xviii,  p.  30  (1820):  Dura   Rev. 

dee  Genres,  p.  12 :  Hep.  Kur.  p.  26 :  G.  L.  &  N.  Syn.  Hep.  p.  408:  Spruce,  Hep. 

Amaz.  et  And.  in  Trans.  Bot  Soc.  Edin.  xy,  p.  3. 
Jubnla  Dum.  Comm.  bot.  p.  112  (1822),  in  part. 
Jubula,  sect  ABcolobia  Dum.  Syll.  Jung.  p.  36. 

Widely  distributed  ;  species  about  150.  The  genus  is  divided  by 
Spruce  (Hep.  Amaz.  et  And.)  into  six  subgenera: — Chonafithelia, 
Trachycolea,  Homotropanthay  Meteoriopsis^  Thyopsiella  and  Dias- 
tiUoba. 

2.  Jubula  Dum.  Comm.  bot.  p.  112  (1822),  in  part. 
Jnbala,  sect  Jubolotypua  Dum.  Syll.  Jung.  p.  36. 

Jubala  Dum.  Rev.  des  Genres,  p.  12  (1835);  Hep.  Eur.  p.  26:  Spruce,  Hep.  Amaz. 
et  And.  p.  59.    Underwood  in  Gray's  Manual,  Ed.  vi,  p.  708. 
Fmllania  sp.  G.  L.  ft  N.  Syn.  Hep.  p.  426. 

Consists  of  2  species, — the  variable  J.  Hutchinsm  Dum.  of  Europe 
and  America  and  J,  piligera  (Aust.)  of  the  Pacific,  which  is  perhaps 
a  variety  of  the  first. 

8.  Lejeunea  Lib.  in  Ann  gen.  sc.  phys.  T.  5,  p.  372  (1820):  Dum.  Comm.  bot.  p. 
Ill;  Syll.  Jung.  p.  32;  Rev.  des  Genres,  p.  11;  Hep.  Eur.  p.  18:  G.  L.  A  N. 
Syn-  Hep.  p.  308. 

As  now  defined  by  most  hepaticologists,  the  genus  includes — 

BCarchMiiiia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  689  (1H21),  (Phragmicoma  Dum. 
Comm.  bot  p.  112;  Syll.  Jung.  p.  35;  Rev.  des  Genres,  p.  13;  Hep.  Eur.  p.  30:  G.  L. 
A  N.  Syn.  Hep.  p.  292); 

Oolora  Dum.  Rev.  des.  Genres,  p.  1 2 ; 

OmphalanthoB  Lindenb.  k  Nees  in  iSyn.  Hep.  p.  303; 
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PtychanthoB  Nees,  Hep.  Bur.  iii,  p.  105:  G.  L.  &  N.  Sjn.  Uep.  p.  289; 
Thysananthus  Lindenb.  in  Syn.  Hep.  p.  286 ; 
Bryopterls  LiDdenb.  1.  c.  p.  284. 

The  genus  Lejeunea  is  very  widely  distributed  but  is  especially 
abundant  in  tropical  regions.  As  first  published  by  Mademoiselle 
Libert,  it  contained  2  species, — L,  calcarea  and  Z.  serpyUifolia  of 
Europe  and  America ;  in  its  present  extended  sense  it  is  the  largest 
genus  of  Hepaticae,  and  contains  300  to  400  species.  The  genus  \b 
divided  by  Spruce  (Hep.  Amaz.  et  And.)  into  2  sections  and  38 
subgenera,  as  follows  : — §1.  HolostipaB,  comprising  the  subgenera 
Stictolejeunea^  Neurolejeunea,  Peltolejeuneay  OmphalolejeuneOy  Archi- 
lejeunea^  Ptycholejuneay  Mastigolejeunea^  Thyaanolejeunea^  Dendroie- 
jeunea,  Bryolejeunea,  Acrolejeunea,  Lophole^eunea,  Platyt^etmeay 
Anoplolejeuneay  Brachiolejeunea,  Hbmalolejeuneay  Dicranolejeunea 
and  Odontolejeunea.  §2.  SchizostipsB^  comprising  the  subgenera 
Prionolejeunea,  Crossotolejeunea,  Harpalejeuneay  TVachylejeunea, 
Drepanolejeunea,  Leptolejeunea,  Ceratolejeuneay  Taxilejeuneay  Ma- 
crolejeunea,  Otigoniolejeuneay  Hygrohjeuneay  JSuosmolejeuneay  Pyc- 
nolejeunea,  Potamolejeunea,  Cheilolejeunea,  Eulefeunea,  Microle- 
jeuneOy  Cololejeunea,  Diplasiol^eunea  and  Colurolejeunea. 

4.  MyriOCOlea  Spruce,  Hep.  Amaz.  et  And  p.  305  (1884). 

Contains  a  single  species,  M.  irrorata  Spruce  of  South  America. 

5.  Radula  Dum.  Ck)mm.  bot.  p.  112  (1822),  in  part. 
Radula,  sect.  Radulotypos  Dum.  S7II.  Jung.  p.  38  (1831). 

Radula  Dum.  Rey.  des  Genres,  p.  14  (1835);  Hep.  Eur.  p.  31  (1874):  6.  L.  A;  N. 
Syn.  Hep.  p.  253. 

OandoUea  Raddi,  Jung.  Etr.  in  Mem.  Moden.  xviii,  p.  24  (1820),  in  part,  not  Can* 
doUea  LabiL 

Martinellla  S.  F.  Gray,  Nat  Arr.  Br.  PL  i,  p.  B90  (1821),  in  part 

A  widely  diffused  genus  of  about  15  species,  the  typical  one  being 
the  common  P,  complanata  Dum.  The  genera  Radula  and  Marti- 
nelliay  as  first  proposed  by  their  authors,  included  the  genera  Radula^ 
Scapania  and  Plagiochila,  as  these  are  now  understood.  In  his 
Sylloge  (pp.  37-43),  Duraortier  divided  his  original  Radula  into 
three  sections  : — Radulotypus,  Scapania  and  Plagiochila;  these  he 
soon  elevated  into  the  genera  Radula,  Scapania  and  Plagiochila 
with  almost  their  present  limitations  (Rev.  des  Genres,  p.  14).  If 
we  supersede  any  of  Duraortier's  names  by  the  older  Martinellia  of 
Gray,  it  should  be  Radula,  since  the  first  of  Gray's  species  of  Mar- 
tinellia  belong  to  that  genus.  As,  however,  Gray's  genus  is  bo 
loosely  defined,  and  Dumortier's  names  are  in  so  universal  use,  it  is 
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best  to  retain  the   latter,  in   accordanoe  with   the  views  of  most 
authors.     (See  Carrington,  Brit.  Hep.  p.  52.) 

6.  Porella  DiU.  Hist.  Muse.  p.  459  (1741):  Lindb.  in  Act.  Soc.  Sc  Fenn.  ix,  pp. 

329-346  (1869). 
Madotheoa  Dum.  Comm.  bot.  p  111  (1822);  Syll.  JuDg.  p.  HO;  Rev.  des  Qeores, 
p.  11:  G.  L.  &  N.  Syn.  Hep.  p.  262. 

Oavendishia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  689,  not  Oavendiahia  Lindl 
BelUncinla  and  Antoiria  Raddi,  Jung.  Etr.  in  Mem.  Moden.  xviii.  pp.  18,  19. 

A  widely  distributed  genus  of  75-100  species.  The  original 
species  is  I*,  porella  of  Linnaeus,  which  both  he  and  Dillenius  placed 
among  the  Musci ;  here  it  remained  overlooked,  until  it  was  brought 
to  light  by  Lindberg. 

7.  PleurOZia  Dum.  Rev.  des  Genres,  p.  15  (1835);  Hep.  Eur.  p.  52. 
RadulflB  sp.  Dum.  Syll.  Jung.  p.  38. 

Phyaiotimii  Neea,  Eur.  Leberm.  iii,  p.  75  (1838):  G.  L.  &  N.  Syn.  Hep.  p.  234: 
Jack,  Hedwigia,  xxv,  p.  49. 

Jack  enumerates  10  species  in  his  monograph  of  the  genus  ;  of 
these  one  only,  P.  cochleariformia^  occurs  in  Europe,  the  others 
being  confined  to  Asia  and  the  Pacific  Islands. 

TRIBE  II.     PTILIDIE^. 

8.  Ptilidium  Nees,  Eur.  Leberm.  i,  p.  95  (1833):  G.  L.  &  N.  Syn.  Hep.  p.  249. 
Jnngermannia,  sect.  Blepharozia  Dum.  Syll.  Jung.  p.  46(1831). 
Blepharosia  Dum.  Rev.  des  Genres,  p.  16  (1835). 

A  genus  of  about  8  species,  the  typical  P.  ciliare  Nees  being 
widely  distributed. 

9.  TrichOCOlea  Dum.  Comm.  bot  p.  113  (1822);   Syll.  Jung.  p.  66;   Rev.  des 

Genres,  p.  20;  Hep.  Eur.  p.  Ill:  G.  L  A  N.  Syn.  Hep,  p.  236. 

A  small  but  widely  distributed  genus  of  which  the  type  is  T, 
tomentella  Dum. 

The  name  of  the  genus  was  first  published  by  Dumortier  in  his 
Commentationes  as  "  Thricoleay''  which  spelling  he  retained  in  his 
Sylloge.  Nees  von  Esenbeck  corrected  the  spelling  to  "  Trichocolea  " 
(Ear.  Lebenn.  iii,  p.  105) ;  but  Dumortier,  objecting  to  the  sound  of 
thb  name,  shortened  it  into  "  Tricholea  "  both  in  his  Revision  des 
Genres  and  in  his  Hepaticae  Europse.  As,  however,  the  name  "  Tri- 
chocolea "  is  preserved  by  most  authors,  it  has  been  retained  here. 

10.  Leiomitra  Lindb.  in  Act.  Soc.  Sc.  Fenn.  x,  616  (1875). 

Lindberg  gives  2  species, — L,  tomentosa  of  tropical  America  and 
i.  capiUata  of  the  Philippine  Islands  ;  several  additional  species  are 
described  by  Spruce. 
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11.  ChaBtOCOlea  Spmoe,  Hep.  Amaz.  et  And.  p.  346  (1885). 
Contains  a  single  South  American  species. 

12.  LepidolSBna  Dum.  Rev.  des  Genres,  p.  13  (1835):  Spruce,  Hep.  Amaz. «( 
And.  p.  336. 

Polyotui  Gottsche  in  G.  L.  k  N.  Syn.  Hep.  p.  13  (1845). 

A  beautiful  genus  of  the  Southern  Hemisphere  ;  species  10-15, 
among  which  may  be  mentioned  L,  Memieaiiy  L,  clavigera  tod 
L,  palpehrifolia^  the  original  species. 


18.    Herberta  S.  p.  Gray,  Nat  Arr.  Br.  PI.  i,  p.  705(1821):  Spruce,  Hep. 
et  And.  p.  340.     Underw.  in  Gray's  Manual,  Kd.  vi,  p.  709. 

Schiama  Dum  Comm.  bot.  p.  114  (1822);  Syll.  Jung.  p.  76;  Rev.  dea.  Gtsiret.  ^ 
23;  Hep.  Eur.  p.  123. 

Sendtnera  Nees  in  G.  L.  &  N.  Syn.  Hep.  p.  238  (1846). 

Widely  distributed  ;  species  10-16  ;  the  genus  is  represented  in 
both  Europe  and  America  by  H,  adunca  Gray. 

14.  Lepicolea  Dum.  Hey.  des  Genres,  p.  20  (1835):  Lindb.  in  Act.  Soe.  Se. 
Fenn.  x,  p.  516. 

Laperoma  Mitt  in  Uook  f.  Handb.  N.  Z.  Fl.  pp.  751,  754  (1867). 

Mostly  in  the  Southern  Hemisphere  ;  species  3, — X.  scolopendra 
Dum.,  X.  ochroleuca  Lindb.  and  L,  pruinosa  Spruce. 

15.  MastigOphora  Nees,   Eur.   Lebenn.   iii,  p.  95  (1833):    Mitt,  in   Hook.  1. 
Handb.  N.  Z.  Fl.  p.  754. 

Sendtnera,  sect.  Maatigophora  G.  L.  A  N.  Syn.  Hep.  241. 

Species  10-15,  scattered  ;  M,  Woodsii  is  the  only  European  specita. 

16.  Isotachis  Mitt  in  Hook.  f.  Handb.  N.  Z.  Fl  p.  526  (1867):  Spruce,  Hepi 
Amaz.  et  And.  p.  337. 

Species  10-15,  mostly  in  the  Southern  Hemisphere. 

TRIBE  III.    LEPIDOZIELE. 

17.  Lembidium  Mitt,  in  Hook.  f.  Handb.  N.  Z.  Fl.  p.  754  (1867). 

A  small  genus  confined  to  the  islands  of  the  South  Seas  ;  3  specify 
are  known, — L,  nutans  Mitt,  of  New  Zealand,  X.  ventrosum  Mtt 
of  Kerguelen  Land,  and  X.  dendroides  Carringtoa  &  Pearson  of 
New  South  Wales. 

18.  MytilopsiS  Spruce,  "On  Cephaloaa"  (1882);  Hep.  Amaz.  et  And.  p  MT. 
Contains  one  South  American  species. 

19.  Micropterygium  Lindenb.  in  G.  L.  A  N.  Syn.  Hep.  p.  233  (1845). 
Species  5-10,  mostly  in  tropical  America. 
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30.    Bazzania  S.  F.  Gray,  Nat  Arr.  Br.  PI.  i,  p.  704  (1821):  Spruce,  Hep.  Amaz. 
et  And.  p.  366:  Underw.  Cat  Hep.  p.  82. 
Pleoroschiama,  sect.  Pleurosohismotypus  Dam.  Syll.  Jung.  p.  70  (1831). 
PlenroBchiMna  Dum.  Rey.  des  Genres,  p.  19  (1835);  Hep.  Eur.  102. 
Httrpetium,  sect  Mastigobryum  Nees,  Hep.  Bur.  iii,  p.  43. 
MaBtigobryum  Nees  in  G.  L.  k  N.  Syn.  Hep.  p.  21 4. 

Species  100-126,  especially  numerons  in  tropical  regions  ;  the  com- 
monest northern  species  is  B,  trilohata  S.  F.  Gray. 

21.  Spracella  Steph.  in  Engler'sBot  Jahrb.  viii,  p.  92  (1887);  Hedwigia,  xxx,  p. 
215. 

Species  1,  S.  succida  (Lepidozia  succida  Mitt.)  of  western  Africa. 

22.  Lepidozia  Dum.  Rev.  des  Genres,  p.  19  (1835);   Hep.  Eur.  p.  109:  G.  L.  A 
N.  Syn.  Hep.  p.  200. 

Pleoroflohiama,  sect.  Lepidozia  Dum.  Syll.  .Jung.  p.  69. 
Herpetitun,  sect.  Lepidozia  Nees,  Hep.  Eur.  iii,  p.  31. 

Species  50-T6,  most  abundant  in  tropical  regions ;  the  typical  Z. 
reptans  Dum.  is  the  most  frequent  northern  species. 

28.    ArachniopsiS  Spruce, ''  On  Cephalozia  "  (1 882) ;  Hep.  Amaz.  et  And.  p.  354. 
Contains  3  South  American  species. 

24    Cephalozia  Dum.  Rev.  des  Genres,  p.  19  (1835);  Hep.  Eur.  p.  87:  Spruce, 
"On  Cephalozia";  Hep.  Amaz.  et  And  p.  388. 
Jmigennaimia,  sect  Cephalozia  Dum.  Syll.  Jung.  p.  60. 
Jangermaimiae  sp.  G.  L.  A  N.  Syn.  Hep.  p.  131. 
Zoopda  Hook.  f.  k  Tayl.  Crypt  Ant  p.  55  (1845). 
IMgonanthns  Spruce,  Trans.  Bot  Soc.  Edin.  iii,  p.  207  (1850). 

A  widely  distributed  genus  of  40-50  species  ;  it  may  be  divided 
into  the  following  subgenera  (most  which  were  first  proposed  by  Dr. 
Spruce)  : — Protocephalozia,  Pteropsiella,  Zoopsis,  Alobiella,  Euce- 
phaloziay  Cephaloziella  and  Prionolobus. 

25.  HerpOCladium  Mitt  in  Jour.  Linn.  Soc.  xv,  p.  69  (1877). 
A  small  genus  of  the  South  Pacific. 

26.  OdontOSOhisma  Dum.  Rev.  des  Genres,  p.  19  (1835). 
Pl#qroachiama,  sect.  Odontoschiama  Dum.  Syll.  Jung.  p.  68. 
^hagnoBoetis  Nees  in  G.  L.  ft  N.  Syn.  Hep.  p.  148  (1845). 
Cephalozia,  sect.  Odontoschiama  Spruce,  '*  On  Cephalozia." 

Species  10-15,  scattered  ;  the  typical  O,  Sphagni  occurs  in  both 
Europe  and  America. 

27.  Hygrobiella  Spruce,  "On  Cephalozia"  (1882). 

Species  3, — H,  laxifolia^  H.  myriocarpa  and  H,  NevicefisiSy  all  of 
northern  regions. 

Teajis.  Conn.  Acad.,  Vol.  VIII.  36  Jan.,  1892. 
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28.  Pigafettoa  Mass.  in  Nuoyo  Gior.  Bot.  Ital.  xyii,  p.  237  (1886). 
Consists  of  a  single  Patagonian  species,  P.  crenulata. 

29.  Pleuroclada  Spmoe,  "  On  Cephalozia." 

Species  2, — P.  albescens  and  P.  Islandica  of  Arctic  regions. 

80.  Anthelia  Dum.  Rev.  des  Genres,  p.  18  (1835);  Hep.  Rur.  p.  97:  Spruce, 
"  On  Cephalozia." 

Jungermannia,  sect.  Anthelia  Dum.  Syll.  JuDg.  p.  63. 

Contains  4  species,  mostly  of  northern  regions  ;  A,  julacea  Dura, 
is  the  typical  species. 

81.  Blepharostoma  Dum.  Rev.  des.  Genres,  p.  18  (1836);  Hep.  Eur.  p.  94: 
Spruce,  '*  On  Cephalozia  " :  Underw.  Cat.  Hep.  p.  80. 

Jangermannia,  sect.  Blepharostoma  Dum.  Sjll.  Jung.  p.  18. 
Jungermannia  sp.  G.  L.  k.  N.  Syn.  Hep.  p.  144. 
Ohatopsia  Mitt.  Jour.  Linn.  Soc.  viii,  p.  51  (1864). 

Contains  2  species, — the  widely  distributed  B,  trichophyUum 
Dum.  and  B,  palmatum  Lindb.  of  Australia  and  New  Zealand. 

82.  Chandonanthus  Mitt,  in  Hook.  f.  Handb.  2^.  Z.  Fl.  p.  763  (1867):  Lindb. 
in  Act.  Soc.  Sc.  Penn.  x,  p.  617  (1876). 

Anthelia  Dum.  in  part. 

Includes  (7.  setiformis  Lindb.  of  northern  regions,  C.  squarrosa  of 
New  Zealand,  and  a  few  other  species. 

88.  AdelanthuS  Mitt,  in  Jour.  Linn.  Soc.  vii,  p.  243  (1863):  Dum  Hep.  Eur. 
p.  46. 

The  original  species  of  Mitten  were  A,  falcatuSy  A,  MagellafiicuSj 
A,  Lindbergianus  and  A,  decipiens.  Since  his  publication  of  the 
genus  a  few  other  species  have  been  added.  The  genus  is  mostly 
tropical,  but  A,  decipiens  occurs  in  Ireland. 

84.    Anomoclada  Spruce,  Jour,  of  Bot.  xiv  (1876);  Hep.  Amaz.  et  And.  p.  407. 
Species  1,  A,  mucosa  of  South  America. 

TRIBE  IV.    SACCOGYNE^. 

35.  Kantia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  706  (1821):  Underw.  in  0ray*8  Man- 
ual, Ed.  vi,  p.  713. 

CIncinnuluB  Dum.  Comm.  bot.  p.  113  (1822);  Syll.  Jung.  p.  72;  Rev.  des  Genres, 
p.  21;  Hep.  Eur.  p.  115. 

Calypogeia  (sect.  B)  Raddi,  Jung.  Etr.  in  Mem.  Mod.  xviii,  p.  44 :  G.  L.  A  N.  Sjn. 
Hep.  p.  198. 

Species  10-15,  scattered  ;  the  typical  JK  Trichomanis  occurring 
in  both  Europe  and  America. 
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36.  SaCCOgyna  Dum.  Comm.  bot.  p.  113  (1822);  Syll.  JuDg.  p.  74;  Rev.  des 
Genres,  p.  21 ;   Hep.  Eur.  117:  G.  L.  A  N.  Syn.  Hep.  p.  194. 

Sykorea  Gorda  in  Opiz.  Naturl.  p.  652  (1829). 

Species  3, — S,  viticuloaa  Dum.  of  Europe,  S.  australis  Mitt,  of  the 
South  Pacific,  and  S.  jugcUa  Mitt,  of  Samoa. 

37.  Qeocalyx  Nees,  Eur.  Leberm.  i,  p.  97  (18H3):  Dum.  Rev.  des  Genres,  p.  22  ; 
Hep.  Eur.  p.  118:  G.  L.  A  N.  Syn.  Hep.  p.  194. 

Contains  the  common  6r.  graveolena  Nees  and  a  doubtful  West 
Indian  species.  The  genus  is  included  by  Carrington  and  Lindberg 
under  Saccogyna, 

TRIBE  V.    JUNGERMANNIEiE. 

38.  Scapania  Dum.  Rev.  des  Genres,  p.  14  (1835);   Hep.  Bur.  p.  33:  G.  L  A  N. 
Syn.  Hep.  p.  51. 

Radnla,  sect.  Scapania  Dum.  Syll.  Jung.  p.  38. 

OandoUea  Raddi,  in  part 

MartinelUa  S.  F.  Gray,  in  part :  Lindb.  iu  Acta  Soc.  Fenn.  x,  p.  518. 

Species  3()-40,  most  numerous  in  northern  regions  ;  S.  undulata 
and  S.  neniorosa  are  common  and  typical  species. 

39.  SchistOCalyx  Lindb.  in  Jour.  Linn.  Soc.  xiii,  p.  185  (1872):  Acta  Soc.  Sc. 
Fenn.  z,  p.  519. 

Blepharidophyllam  Angstr.  in  Ofv.  Vet.-Akad.  Forh.  xxx,  p.  151  (1873). 

A  small  subtropical  genus  proposed  for  Scapania  ehloroleuca,  JS, 
densifolia  and  their  near  allies. 

40.  Diplophylllim  Dum.  Rev.  des  Genres,  p.   15  (1835);    Hep.   Eur.  p.  47: 
Lindb.  in  Acta  Soc.  Sc.  Fenn.  x,  p.  622:  Underw.  in  Gray's  Manual,  Ed.  vi,  p.  716. 

Jongermannia,  sect.  Diplophyllom  Dum.  Syll.  Jung.  p.  44. 
Jimgermanniaa  sp.  G.  L.  &  N.  Syn.  Hep.  p.  76. 
Scapania  sp.  Mitt,  in  Hook.  f.  Fl.  Tasm.  ii,  p.  233. 

A  small  genus  of  which  the  typical  species  is  D.  albicans  Dum. 
As  defined  byDumortier,  the  genus  includes  Jungermanniay  sect. 
Sphenolohus  Lindb. 

41.  ClasmatOCOlea  Spruce,  Hep.  Amaz.  et  And.  p.  440  (1886). 
A  South  American  genus  of  2  species. 

42.  LophOCOlea  Dum.  Rev.  des  Genres,  p.  17  (1835);  Hep.  Eur.  p.  83:  G.  L.  & 
N.  Syn,  Hep.  p.  151. 

Jqngermannla,  sect.  Lophocolea  Dum.  Syll.  Jung.  p.  59. 

Species  50-76,  especially  numerous  in  tropical  regions  ;  L,  hiden- 
UUa  and  X.  heierophylla  are  typical  northern  species. 

48.    DiplOSCyphuS  De  Not.  Mem,  Acad.  Turin  (1874). 
Species  1,  2>.  Bomeensis  of  Borneo. 
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44.  ChilOSCyphuS  Cordain  Opiz.  Naturl.  p.  651  (1829):  Dum.  Syll.  Jung.  p. 
67;  Rev.  des  Genres,  p.  19;  Hep.  Eur.  p.  100:  G.  L.  A  N.  Syn.  Hep.  p.  171. 

A  widely  distributed  genus  of  30-50  species,  the  typical  one  being 
C.  polyanthoa  Corda. 

45.  NotOSOyphus  Mitt,  in  Seemann,  Fl.  Vitiensis  (1868). 
A  small  genus  of  the  Southern  Hemisphere. 

46.  PsilOClada  Mitt  in  Hook.  f.  Fl.  Nov.  Zel.  ii,  p.  143  (1853);   in  Hook.  f. 
Handb.  N.  Z.  PI.  p.  518. 

Species  1 ,  P.  clandeatina  of  New  Zealand  and  'Tasmania. 

47.  PlagiOOhila  Dum.  Rev  des  Genres,  p.  U  (1835);  Hep.  Eur.  p.  42:  G.  L.  ft 
N.  Syn.  Hep.  p.  22. 

Radnla,  sect.  Plagioohlla  Dum.  Sjll.  Jung.  p.  42. 
OandoUea  Raddi,  in  part 
Martinellia  S.  F.  Gray,  in  part. 

Pedinophyllam  Lindb.  Bot.  Not.  1874,  p.  155  and  in  Act.  Soc.  Sc.  Fenn.  z,  p.  504 
(1875). 

Species  125-150,  very  numerous  in  tropical  regions  ;  P.  aaplenoides 
is  a  common  northern  species. 

48.  Mylia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  693  (1821):  lindb.  in  Act.  Soc.  Sc. 
Fenn.  x,  p.  525:  Underw.  in  Gray's  Manual,  Ed.  vi,  p.  717. 

Jungermannia  sp.  G.  L.  k  N.  Syn.  Hep.  p.  82. 
Leptoacyphua  Mitt,  in  Hook.  Jour,  of  Bot.  iii,  p.  358  (185 IX  in  part. 
LeioacyphuB  Mitt,  in  Hook.  f.  Fl.  N.  Zel.  ii,  p.  134  (1855),  in  part 
Coleochila  Dum.  Hep.  Eur.  p.  105  (1874). 

A  small  genus  of  northern  regions  ;  founded  upon  Jungermannia 
Taylori  Hook,  and  the  allied  J,  anomala  Hook. 

49.  JjeptOSCyphus  Mitt,  in  Hook.  Jour,  of  Bot.  iii,  p.  358  (1851),  in  part. 
LeioBcyphtts  Mitt  in  part 

A  small  genus  occurring  in  tropical  and  south  temperate  regions  ; 
i.  fragilifolius  is  one  of  Mitten's  original  species. 

50.  Harpanthus  Nees,  Eur.  Leberm.  ii,  p.  351  (1836):  G.  L.  A  N.  Syn.  Hep. 
p.  689 :  Dum.  Hep.  Eur.  p.  66. 

Pleuranthe  Tayl.  in  Hook.  Lond.  Jour.  Bot.  y,  p.  282  (1846):  G.  L.  h.  N.  Syn.  Hep. 
p.  689  (1847). 

Species   2, — H.    Flotovianus   Nees   and    H.   sctUatus  Spruce   of 
Europe  and  America. 

51.  LiiochlSBna  Nees  in  G.  L.  &  N.  Syn.  Hep.  p.  150  (1845). 
Aploziea  sp.  Dum.  Hep.  Eur.  p.  58. 

Contains  2  or  3  species,  the  typical  one  being  Z,  lanceolata  of 
£urope  and  America. 
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58.    S3rinphyomitra  Spmce,  Hep.  Amaz.  et  And.  p.  503  (1886). 
A  small  Soath  American  genus. 

53.  Jungermannia  (Rupp.)  Mich.  Nov.  G«n.  (1729):  G.  L.  &  N.  Sjm.  Hep,  p.  78. 
p.  73. 

Widely  distributed  ;  species  150-200.  In  its  restricted  sense,  the 
genus  may  be  divided  into  the  following  subgenera  : — Aplozia  Dum, 
(Jungermannia  proper),  Lophozia  Dum.,  Anastrophyllum  Spruce, 
Sphenolohus  Lindb.  and  Gymnocolea  Dum.  The  name  "Junger- 
mannia ^  was  tirst  proposed  by  Ruppius,  but  Lindberg  states  that 
none  of  Ruppius^  original  species  are  now  retained  in  the  genus. 

54.  Syzygiella  Spruce,  Jour,  of  Bot.  xiv  (1876);  Hep.  Amaz.  et  And.  p.  499. 
A  genus  of  tropical  America,  species  5  or  6. 

55.  Temnoma  Mitt,  in  Hook.  f.  Handb.  N.  Z.  Fl.  p.  753  (1867). 

A  genus  of  a  few  mostly  southern  species,  founded  upon  Junger- 
mannia pulcheUa  and  J,  quadrifida, 

56.  Gymnoscyphus  Cordain  Sturm,  deuts.  krypt.  fasc.  25,  p.  158:  Dum.  Rev. 
des  Genres,  p.  16;  Hep.  Eur.  p.  112:  G.  L.  A  N.  Syn.  Hep.  p.  191. 

Species  I,  Q,  repens  of  Europe. 

TRIBE  VI.    CCELOCAULEiE. 

57.  SchistOChila  Dum  Rev.  des  Genres,  p.  15  (1835). 
OotUchea  Neee  in  G.  L  ft  N.  Syn.  Hep.  p.  13  (1844). 

A  beautiful  genus,  mostly  confined  to  the  Southern  Hemisphere  ; 
species  30-40. 

58.  MaXSUpella  Dum.  Comm.  bot.  p.  114  (1822);  Rev.  des  Genres,  p  23;  Hep. 
Eur.  p.  125:  Spruce,  Revue  Bryol.  viii,  p.  89:  Underw.  in  Gray's  Manual,  Ed.  vi, 
p.  721. 

Saroo«C3rphiia  Corda  in  Opiz.  Naturl.  p.  652  (1829):  G.  L.  A  N.  Sya  Hep.  p.  6. 
Mamqiia  Dum.  Syll.  Jung.  p.  77. 
Nardia  S.  F.  Gray,  in  part. 

A  small  genus  of  northern  regions  ;  M,  emarginata  and  M,  spha- 
etkUa  are  widely  distributed  species. 

59.  Southbya  Spruce  in  Trans.  Bot.  Soc.  Kdin.  iii,  p.  197  (1860):  Dum.  Hep. 
Eur.  p.  133. 

A  northern  genus  of  3-5  species. 

60.  Amellia  Undb.  Kongl.  Svenska  Vet-Akad.  xxiii,  No.  5  (1889). 
Species  1,-4.  Fennica  of  northern  regions. 

61.  Nardia  a  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  694  (1821):  Spruce,  Revue  Bryol. 
Tiii,  p.  89:  Underw.  in  Gray's  Manual,  Ed.  vi,  p.  721. 
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Mesophylla  Dum.  Comm.  bot.  p.  112  (1822);  Syll.  Jung.  p.  80;  Eer.  deaOairei, 
p.  24;   Hep.  Eur.  p.  129. 

Alicolaria  Corda  in  Opiz  Naturl.  p.  652  (1829):  Dum.  SylL  Jung.  p.  1%\  Hep. 
Eur.  p.  131 :  G.  L.  A;  N.  Syn.  Hep.  p.  10. 

Solenostoma  Mitt.  Jour.  Linn.  Soc.  viii,  p.  51. 

Jongermanniag  sp.  G   L.  &  N.  Syn.  Hep.  et  Auctt. 

Aplozise  sp.  Dum.  Hep.  Eur. 

A  widely  distributed  genus  of  15-25  species.  As  restricted  by 
Spruce,  1.  c,  the  genus  may  be  divided  into  the  following  subgen- 
era : — Eunardia  Spruce,  Eucalyx  Lindb.,  Apotomanthus  Spruce 
and  Chascostoma  Lindb. 

62.  G-ymnomitrium  Corda  in  Opiz.  Natiu-l.  p.  «51  (1829):  G.  L.  A  X.  Syn. 
Hep.  p.  2. 

Oesla  S.  F.  Gray,  Nat.  Arr.  Br.  PI  i,  p.  705  (IH21),  not  OsMia  R.  Br.  (1810V 
Acolea  Dum.  Syll.  Jung.  p.  76  (1831) ;  Hep.  Eur.  p.  121. 

Species  10-20,  occurring  in  cold  regions  ;  Q.  coticintuUum  is  a 
common  Alpine  species. 

63.  PrasanthuS  Lindb.  Kongl.  Svenska  Vet  -Akad.  xxiii,  No.  3  (1889). 
Species  1,  P.  Suecicum  of  northern  Europe  and  Asia. 

64.  Dichiton  Mont.  Sylloge  Crypt,  p.  52  (I85h). 
Species  1,  D,  perpusillum  of  Algeria. 

TRIBE  VII.    ACROBOLBE^E. 

65.  Lindlgina  Gottsche,  Ann.  d   Sc.  Nat.  5me  s^rie,  T.  I  p.  137  (1 864):  Mrtt. 
Jour.  Linn.  Soc.  xvi,  p.  167. 

liindigla  Gottsche,  Mexik.  Leverm.  p.  216  (1 863).  non  Hampe. 
Oymnanthe  Tayl  in  part:  Mitt,  in  Hook.  f.  Handb.  X.  Z.  FL  p.  519. 
Podanthe  Tayl.  in  Drumm.  Swan  River  Crypt  (1846):  G.   L.  *  N.  Syn.  Hep.  p 
789,  not  Podanthes  Haw.  Syn.  PI.  Succ.  (1812). 
Lethocolea  MiU.  in  Hook.  f.  Handb.  N.  Z.  Fl.  p.  753. 

8  species  are  enumerated  by  Mitten,  the  original  ones  hem^  L 
Liebmanniana  and  L,  Oranatensis  of  Grottsche. 

6«.     Acrobolbus  Nees  in  G.  L.  &  N.  Syn.  Hep.  p  5  (1844). 

a3rmnanth6  Tayl.  in  part:  G.  L.  A  X.  Syn.  Hep.  p.  192:   Dum.  Hep.  Eur.  p  115. 

-  Species  1,  A,  Wtlsoni  Nees  of  Europe  and  South  America. 

67.    TylimanthuS  Mitt,  in  Hook.  f.  Handb.  N.  Z.  Fl.  p  753  (1867). 

Gymnanthe  Tayl.  in  Lehm.  pug.  pi.  viii.  p.  1  (1844),  not  Oymnanthas  Sw,  (IT**-: 
G.  L.  &  N.  Syn.  Hep.  p.  192. 

A  small  tropical  or  subtropical  genus,  proposed  by  Mitten  for 
Gi/mnanthe  saccata. 
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«8.   Balantiopsis  Mitt.  i.  c.  p.  753. 

03qnnaiithe  Tajl.  in  part. 

Mitten  gives  2  species, — -B.  diplophylla  and  B.  erinacea, 
6©.   Maxsupidium  Mitt.  1.  c.  p.  763. 

Oymnanthe  Tayl.  in  part. 

A  small  genus  of  the  South  Pacific  ;  the  original  species  are  M, 
Orvilleanum,  M,  setulosum  and  M.  Knightii. 

70.  CalypOgeia  (sect.  A)  Raddi,  Jung.  Btr.  in  Mem.  Moden.  xviii,  p.  42  (1820): 
Dnm.  Rev.  des  Genres,  p.  21 ;  Hep.  Eur.  p.  113. 

Ooogylanthofl  Nees,  Eur.  Leberm.  ii,  p.  406  (1836):  G.  L.  ft  N.  Syn.  Hep.  p.  196. 

A  genus  of  2-6  species  ;  the  European  C  ericetorum  and  C,  flag- 
ellifera  are  Raddi's  typical  species. 

TRIBE  VIII.     FOSSOMBRONIELE. 

71.  Scalia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  704  (1821):  Carringt.  Brit.  Hep.  p.  1. 
Bflniopdfl  Dum.  Comm.  bot.  p.  114  (1822);  Syll.  Jung.  p.  76;  Rev.  des  Genres,  p. 

22;   Hep.  Eur.  p.  120. 

Haplomitrinm  Nees,  Eur.  Leberm.  i,  p.  109  (1833):  G.  L.  ft  N.  Syn.  Hep.  p.  2. 

Species   3, — S,   Hookeri  of  Europe,   and   2    species   of  tropical 
America. 

72.  RhopalanthUS  Lindb.  Manip.  Muse.  Scand.  p.  390  (1874). 
Species  1,  R,  mnioides  of  Japan. 

78.     Fossombronia  Raddl,  Jung.  Etr.  in  Mem.  Moden.  xviii,  p.  40  (1820):  Dum. 
Rev.  des  Genres,  p.  11 ;  Hep.  Eur.  pp.  13,  173:  G.  L.  A  N.  Syn.  Hep.  p.  467. 
Codonia  Dum.  Comm.  bot.  p.  Ill  (1822);  Syll,  Jung.  p.  29. 

Species  10-20,  scattered  ;  the  typical  f.  puailla  occurs  in  Europe. 

74.  Noteroclada  Tayl.  Hep.  Antarc.  in  Lond.  Jour.  Bot.  1844,  p.  478. 
Androcryphia  Nees,  G.  L.  ft  N.  Syn.  Hep.  p.  470  (1846). 

A  small  genus,  mostly  confined  to  the  Southern  Hemisphere. 

75.  Petalophyllum  Gottsche  in  G.  L.  A  N.  Syn,  Hep.  p.  472  (1846). 
Oodonia  Dum.  Hep.  Eur.  p.  16  (1874). 

Species  4-8,  scattered  ;  P.  Ralfaii  occurs  in  the  British  Isles. 

76.  CalyCUlaria  Mitt,  in  Joum.  Linn.  Soc.  v.  p.  122  (1861). 
A  small  tropical  genus  of  South  Asia,  etc. 

77.  Calobryum  Nees  in  Lindl.  Introd.  Ed.  ii,  p.  414:  G.  L.  A  N.  Syn.  Hep.  p. 
607. 

A  very  doubtful  genus  containing  one  species,  C.  Blumii  of  Java. 
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78.  Treubia  Gobel,  Ann.  Jard.  Bot.  Buitenzorg,  ix  (1890). 
A  small  Javanese  genus. 

79.  Podomitrium  Mitt,  in  Hook.  f.  Fl.  Nov.  Zel.  ii,  p.  164  (1853);  in  Handb. 
Z.  Fl.  p.  N.  541. 

Species  1,  P.  Phyllanthus  of  Tasmania  and  New  Zealand. 

80.  Pallavicinia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  115  (1821):  Lindb.  in  Act. 
Soc.  Sc.  Fenn.  x,  p.  540:  Underw.  in  Gray's  Manual,  Kd.  vi,  p.  723. 

DilflBna  Bum.  Comm.  bot.  p.  114  (1822);  Rev.  des  Genres,  p.  25;  Hep.  Eur.  p.  136. 

Diplomitrium  Corda  in  Opiz.  Naturl.  p.  653  (1829). 

Diplolaona  Dum.  Syll.  Jung.  p.  82  (1831). 

Oordasa  Nees  in  Bot.  Zeit.  1833,  p.  401. 

Blyttia  Endl.  Gen.  PI.  p.  1339  (1840):  G.  L.  k  N.  Syn.  Hep.  p.  4*74. 

Staatzia  Lehm.  PI.  Preiss.  ii,  p.  129  (1846). 

Morckia  Gktttsche  in  Rabenh.  Hep.  Eur.  Rxsic.  n.  295. 

Mittania  Gottsche  in  Ann.  des  iSc.  Nat.  5me  s^rie,  T.  i,  p.  177  (1864). 

Species  10-15,  scattered  ;  the  original  P.  Lydlii  is  common  and 
widely  distributed. 

81.  HymenophytOn  Dum.  Rev.  des  Genres,  p.  25  (1835). 

Umbraculum  Gottsche  in  Mohl  k  Schlect.  Bot.  Zeit.  1861,  pp.  1-3;  Ann.  des  Sc 
Nat.  5me  s^rie,  T.  i,  p.  180  (1864). 

Species  3, — H,flahellatum  Dum.  and  H.  leptopodon  (Tayl.)  of  New 
Zealand,  and  M,  Mulleri  (Gottsche)  of  Australia. 

82.  Symphyogyna  Mont,  k  Nees  in  Ann.  des  Sc.  Nat.  2me  s^rie,  T.  v,  p.  66 
(1836):  G.  L.  k  N.  Syn.  Hep.  p.  479. 

Species  20-30  ;  mostly  in  the  Southern  Hemisphere. 

88.    Pellia  Raddi,  Jung.  Etr.  in  Mem.  Moden.  xviii,  p.  45  (1820):  Dum.  Rev.  des 
Genres,  p.  27 ;  Hep.  Kur.  p.  144:  G.  L.  k  N.  Syn.  Hep.  p.  488. 
Scopulina  Dum.  Comm.  bot.  p.  115;  Syll.  Jung.  p.  87. 

Species  3-5,  scattered  ;   P.  epiphylla,  the  original  species,  is  widely 
distributed. 

84.  Blasia  Mich.  Nov.  Gen.  p.  14  (1729):  G.  L.  k  N.  Syn.  Hep.  p.  491 :  Dum. 
Hep.  Eur.  p.  134. 

Species  1 ,  B,  pusilla  Linn,  of  northern  regions. 

TRIBE  IX.    MONOCLES. 

85.  Monoclea  Hook.  Muse.  Exot.  t.  174  (1820):  0.  L.  k  N.  Syn.  Hep.  p.  508. 

Species  2, — M.  Forsteri  Hook,  of  New  Zealand  and  M.  OoUschei 
Lindb.  of  South  America.. 
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TRIBE  X.    METZGERIELE. 

d6.  MetZgeria  Raddi,  Jung.  Etr.  in  Mem.  Moden.  xviii,  p.  45  (1820):  Dum    Rev. 
dee  Genres,  p.  26;  Hep.  Ear.  p  138:  G.  L.  A  N.  Syn.  Hop.  p.  501. 
Fatciola  Dum.  Comm.  bot.  p.  114. 
Bchinogyna  Dum.  Anal  fam.  p.  60;  Sjll.  Jung.  p.  83. 

Lindberg  ennmerales  11  species  in  his  monograph  of  the  genus; 
the  original  J/,  furcata  and  M,  pubescens  are  common  in  Europe. 

TRIBE  XI.     ANEURE^. 

87.  Aneura  Dum.  Comm.  bot.  p.  115  (1822);  Syll.  Jung.  p.  86;  Rev.  des  Genres, 
p.  26;  Hep.  Eur.  p.  140:  G.  L.  A  N.  Syn.  Hep  p.  493. 

Roemeria  Raddi,  Jung.  Etr.  in  Mem.  Mod.  xviii,  p.  4«,  not  Roemeria  Medik. 
'Riccardia  S.  F.  Gray,  Nat.  Arr.  Br.  PI.  i,  p.  683  (1821),  not  Richardia  Kunth 
in  Mem.  Mus.  Paris,  iv,  p.  430  (1818). 
Sarcomitiium  Corda  in  Sturm  Deutschl.  Fl.  2  fasc.  26  and  27,  p.  119. 

The  genus  includes  the  following, — 

Aorottoli«.Dum.  Rev.  des  Genres,  p.  26  (Pseudoneura  Gottschc,  Mexik.  Leverm.). 

A  widely  distributed  genus  of  20-30  species,  the  typical  A.  pinguis 
occurring  in  Europe  and  America. 

ORDER  II.    ANTHOCEROTACE^. 

88.  DendrocerOS  Nees  in  G.  L.  &  N.  Syn.  Hep.  p.  579  (1846). 
Species  10-15,  mostly  tropical. 

^'    Anthoceros  Mich.  Nov.  Gen.  p.  11  (1729):  6.  L.  A  N.  Syn.  Hep.  p.  582. 

Species  20-30,  most  numerous  iu  tropical  regions  ;  A.  Icevis  and 
A,  punctcUus  are  the  commonest  northern  species. 

90.    NotOthylaS  SulUv.  Mem.   Am.  Acad.  n.  ser.  iii,  p.  65  (1846):   Dum.  Hep 
Eur.  p.  161. 
OarpoHpam  Nees  in  G.  L.  &  N.  Syn.  Hep.  p.  591. 
Oham»oeroB  Milde  in  Nov.  Act.  N.  C.  (1856). 

A  small  genus  of  Europe  and  North  America ;   N.  orbicularis 
Sulliv.  is  an  original  species. 

ORDER  III.    MARCHANTIACE^. 

TRIBE  I.    MARCHANTIE.^. 

91-    MaXChantia  Marchant  f.  in  Act.  Gall.  (1713):  G.  L.  .t  N.  Syn.  Hep.  p.  521  . 
Dum.  Hep.  Eur.  p.  150. 

Widely  distributed  ;   species  25-30  ;    M,  polymorpha   L.    is  the 
commonest. 

Trahs.  Conn.  Acad.,  Vol.  VIII.  37  Jan.,  1892. 
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92.  Preissia  Corda  in  Opiz.  Naturl.  p.  647  (1829):  G.  L.  A  N.  Syn.  Hep.  p.  521. 
Ohomiocarpon  Corda,  1.  o.  p.  64*7. 

A  small  genus,  mostly  found  in  northern  regions  ;  P.  commiUata 
Nees  is  the  most  widely  distributed  species. 

93.  Fimbriaria  Nees,  Hor.  phys.  Berol.  p.  44  (1820):  G.  L.  k  N.  Syn.  Hep.  p. 
666. 

Hypanantron  Corda  in  Opiz.  Katurl.  p.  648  (1829). 

Species  25-30,  scattered  ;  JP.  tenella  is  a  common  American  species. 

94.  Conocephalus  Necker,  Elem.  Bot.  iii,  p.  344  (1790):  Dum.  Hep.  Kur.  p. 
154. 

FegaUUa  Raddi  in  Opusc.  scient.  d.  Bot.  ii,  p.  356  (1818):  G.  L.  k  N.  Sjn.  Hep.  p. 
546. 
Hapatica  Mich.  Nov.  Gen.  (non  Dill). 

Contains  2  species, — the  cosmopolitan  V.  conicus  Dum.  and  C. 
Japonicus  (Steph.). 

96.    Sandea  Lindb.  AcU  Soc.  pro  F.  et  Fl.  Fenn.  T.  ii,  N.  5,  p.  3  (1884). 
Species  1,  S.  aupradecomposita  Lindb.  of  Japan  and  India. 

96.  Sauteria  Nees,  Eur.  Leberm.  iv,  p.  139  (1838):  Q.  L.  k  N.  Syn.  Hep.  p. 
541 :  Lindb.  Acta  Soa  pro  F.  et  Fl.  Fenn.  T.  u,  N.  3,  p.  7. 

Contains  the  typical  S,  alpina  Nees  and  a  few  doubtful  species. 

97.  Peltolepis  Undb.  Bot.  Notis.  1877,  p.  73;  Acta  Soc.  pro  F.  et  Fl.  Fenn.  T. 
ii,  N.  3,  p.  3. 

Species  1,  P,  grandia  of  Northern  Europe. 

98.  Clevea  Lindb.  Not.  Soc.  pro  F.  et  Fl.  Fenn.  ix,  p.  289  (1868);  Acta  Soc.  pro 
F.  et  Fl.  Fenn.  T.  ii,  N.  3,  p.  10:  Dum.  Hep.  Kur.  p.  149. 

Z]zonnotheca  Mitt,  in  C.  Godman's  Nat.  Hist.  Azores,  p.  325  (1870). 

A  small  genus  of  which  the  typical  species  is  (7.  hyalina  of  Europe 
and  Greenland. 

99.  Athalamia  Falconer  in  Trans.  Linn.  Soc.  xx,  P.  3,  p.  397  (1851). 
Species  1,  A  pinguis, 

100.  Grimaldia  Raddi  in  Opusc.  scient.  d.  Bot  ii,  p.  356  (1818):  G.  L.  k  N.  Syn. 
Hep.  p.  549:  Dum.  Hep.  Eur.  p.  156. 

Duvalia  Nees  in  Mag.  d.  nat.  fr.  zu  Berl.  p.  271  (1817):  G.  L.  k  N.  Syn.  Hep.  p. 
553,  not  Duvalia  Haw.  Svn.  PI.  Suoc.  414  (1812). 

A  small  genus  of  Europe  and  America  ;  the  best  known  species 
are  O.  barbifrons  and  ff.  rupestris.  The  old  genera  Grimaldia  and 
Duvalia  are  here  united  in  accordance  with  the  views  of  Lindberg, 
Underwood  and  others.     (See  Bot.  Gazette,  xiv,  p.  197.) 
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101.  CryptomitrilUn  Aust.  in  Underw.  Cat.  Hep.  p.  36  (1884). 
Species  1,  (7.  tenerum  of  Mexico  and  California. 

102.  Asterella  Beaav.  in  Bnojrcl.  meth.  suppL  i,  p.  502  (1810):  Dum.  Hep.  Bur. 
p.  154:  Underw.  Cat.  Hep.  p.  37. 

Reboolia  Raddi  in  Opusc  soient.  d.  Bot.  il,  p.  56  (1818):  G.  L.  k,  N.  Syn.  Hep.  p. 
547. 

A  small  genus  of  which  the  typical  species  is  A,  hemisphcerica  of 
Europe  and  North  America. 

108.     Askepae  Griflf.  Notute,  p.  341  (1849):  Mitt.  Jour.  Liun.  Soc.  7,  p.  127. 

Species  1,  A.  brevipea  of  India. 

104.  Dumortiera  Nees  i;i  Nov.  Act.  Acad.  Oses.  Leop.  xii,  P.  1,  p.  410  (1823): 
G.  L.  &  N.  Syn.  Hep.  p.  542. 

Species  5-10,  scattered ;  the  typical  D,  hirsuta  is  found  in  both 
Europe  and  America. 

105.  RhaCOtheca  Blschoff  in  Hochst.  k  Scub.  Fl.  Azor.  p.  12,  t.  14  (1846):  G. 
L.  *  K.  Syn.  Hep.  p.  573. 

Species  1,  R,  Azarica. 

TRIBE  II.    LUNULARIEiE. 

106.  liUnularia  Mich.  Nov.  Gen.  p.  4  (1729):  G.  L.  k  N.  Syn.  Hep.  p.  510. 
Species  1,  the  common  i.  vulgaris. 

107.  Aitonia  Foreter,  Char.  gen.  pi.  p.  147,  u.  74  (1776):  Lindb.  in  Act.  Soc.  Sc 
Fenn.  x. 

Otiona  Corda  in  Opiz.  Naturl.  i,  p.  648  (1829):  Dum.  Hep.  Eur.  p.  148. 
PlagiochaBina  Lehm.  et  Lindenb.  in  Lehm.  Pug.  pi.  iv,  p.  13:  G.  L.  Jt  N.  Syn. 
Hep.  p.  511. 

Species  15-20,  mostly  in  warm  regions. 

TRIBE  in.    TARGIONIE^. 

108.  Targionia  Mich.  Nov.  Gen.  p.  3  (1729):  G.  L.  k  N.  Syn.  Hep.  p.  574. 

A  small  genus,  most  frequent  in  warm  countries  ;  the  original  T, 
hypophylla  occurs  in  Europe  and  America. 

109.  Cyathodium  Kunze  in  Lehm.  Pug.  pi.  vi,  p.  17  (1834) :  G.  L.  &  N.  Syn. 
Hep.  p.  677. 

Synh3nneniiiin  (^riflt.  Notidse,  p.  344(1849):  Mitt,  in  Jour.  Linn.  Soc.  v,  p  124. 
(See  Stephani  in  Hedwigia,  xxvii,  p.  250.) 

MonoMleninm  Griff.  1.  c.  p.  341 :  Mitt.  1.  c.  p.  127. 

Species  1,  the  tropical  C,  cayemosum. 
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ORDER  IV.    RICCIACE^. 
TRIBE  I.    RICCIE^E. 

110.  Boschia  Mont.  Ann.  des  Sc.  Nat.  4me  serie,  T.  v,  p.  351  (1856). 
Species  1 ,  B  Weddellii  of  Brazil. 

111.  RiCCia  Mich.  Nov.  Gen.  p.  107  (1729):  G.  L.  &  N.  Syn.  Hep.  p.  598. 

Widely  distributed  ;  species  50-GO.  The  genns  may  be  divided 
into  the  subgenera  Lichenodesy  Spongodes,  RiccieUa  and  Ricciocar- 
pus,  the  last  two  of  which  are  considered  distinct  genera  by  Dumor- 
tier  and  others. 

112.  TeSSellina  Dura.  CJomm.  hot.  p.  78  (1822):   Hep.  Eur.  p.  164. 
Ozymitra  Bisch.  in  Lindenb.  Syn.  Hep.  Eur.  p.   124  (1829):  G.  L.  k  N.  Syn.  Hfp 

p.  697. 
Rapinia  Corda  in  Opiz.  Naturl.  p.  650  (1829). 
PycnoBcanufl  Lindb.  in  Ofv.  Vet-Akad.  Forh.  xix,  p.  606  (1862). 

Species  1,  T.  pyramidata  of  Europe,  etc. 

118.    Corsinia  Raddi  in  Opu8C.  scient.  d.  Bot.  (1818):  G.  L.  A.  N.  Syn.  Hep.|L 
596. 

Species  1,  C,  marchantioides  of  Europe. 

114.    MyriorrhynchUS  Lindb.  Acta  Soc.  pro  P.  et  FL  Fenn.  T.  U,  N.  5.^1 

(1884). 

Species  1,  M,  Jimhriatus  Lindb.  {Riccia  JitnbricUa  Nees)  of  SoQlh 
America. 

TRIBE  n.    SPHiEROCARPE^. 

116.    Riella  Mont.  Sylloge  Crypt,  p.  94  (1856):  Dum.  Hep.  Kur.  p.  163. 

Durisea  Bory  &  Mont.  Cornpte.  rendu,  des  seances  de  TAcad.  des  ScieDce9(lS43) 
G.  L.  &  N.  Syn.  Hep.  p.  593. 

A  small  genus  of  Europe  and  Northern  Africa. 

116.  Sphaerocarpus  Mich.  Nov.  Gen.  p.  4  (1729):  G.  L.  &  N.  Syn.  Hep  p.  5»4 

A  small  genus  of  Europe  and  North  America  ;  S,  terrestris  is  tb<* 
most  widely  distributed  species. 

117.  ThalloCarpUS  Lindb.  in  Bull.  Torr.  Bot.  Club,  vi,  p.  21  (1875):  UDderw 
Cat.  Hep.  p.  29. 

Oryptocarpus  Aust.  in  Proc.  Phil.  Acad.  Dec.  1869,  p.  231. 

Species  1,  T,  Curtisii  Aust.  of  the  Southern  United  States. 
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No, 

Leiomitra 10 

Ltioscyphva 48,49 

Lejeuoea 3 

Lembidinm 17 

Leperoma 14 
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Lepidolseoa 1^ 

Lepid^zia 22 

Leptoscyphus 49 

Leptoscyphua 48 
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I  Preissia 92 
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Radula ._.. 5 

Radula 5,3S.4T 
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Rhaootheca IW 

RhopalanihuB 12 

Riccardta ._ ST 

Riccia Ill 

RieUa lU 

Rameria ST 

Rvqtinia 112 

Saccogyna 3* 

Sandea « 

Sarcomitriutn 8T 

Sarco8cyphu8 ^ 

Sauteria X 

Scalia H 

Scapaoia 5* 

Schiama 13 

Schistocalyx 3S 

Schistochila H 

Scopulina *1 

Sendtnera ia,U 

Solenostoma .-  *1 

Southbya ^ 

Sphaerocarpus U^ 

SphagnoBcetis 55 

Sprucella 2' 

Steetzia ^ 

Sykorea ^ 

SymphyogyDa ^ 

Symphyomitra *^ 

Synhymenium I*^ 

Syzygiella ** 

Targ^onia 1*5 

Temnoma —    ** 

Tesselina 1^2 

Thallocarpiia 'It 


Treubia '» 

Trichocolea - ' 

Trigonanihus 1* 

Tylimanthus ^ 

Umbracuhan ^^ 

Zoopsis ** 


XVII. — On  the  Fsbmbnts  contained  in  the  Juice  op  the 
Pineapple  (Ananassa  sativa)y  togbtheb  with  some  Obser- 
vations   ON    THE    COBfPOSITION    AND    PROTEOLYTIC    ACTION    OP 

THE  Juice.     By  R.  H.  Chittenden,  assisted  by  E.  P.  Joslin 
AND  F.  S.  Meara. 

Some  time  ago  the  writer's  attention  was  called  to  the  fact  that 
Senor  V.  Marcano,*  of  Venezuela,  had  discovered  the  existence  of 
a  proteid-digesting  principle  in  plants  of  the  order  Bromeliacese,  of 
which  the  pineapple  is  a  well  known  representative,  and  that  the 
juice  of  the  latter  fruit  was  being  made  use  of  as  a  digestive  agent 
in  the  preparation  of  pre-digested  foods.f  So  far  as  the  writer  is 
aware,  there  is  no  scientific  record  of  this  discovery  other  than  in  a 
short  note  contained  in  a  recent  number  of  a  pharmaceutical  journal,| 
in  which  attention  is  simply  called  to  Marcano's  discovery  and  the 
name  ^^  bromelin  "  suggested  as  an  appropriate  title  for  the  hypotheti- 
cal ferment. §  Apparently,  no  study  has  been  made  of  the  nature  of 
the  ferment  presumably  present  in  the  juice,  its  mode  of  action,  or 
the  character  of  the  products  resulting  from  such  action. 

From  a  physiological  standpoint  the  discovery  of  any  ferment, 
either  in  the  vegetable  or  animal  kingdom,  is  a  matter  of  consider- 
able importance,  especially  so  in  the  plant  kingdom,  since  the  feeling 
is  widely  gaining  ground  that  proteid-splitting  ferments  must  play 
an  important  part  in  rendering  the  food  material  of  plants  available. 
As  in  the  animal  kingdom,  proteid  food  to  be  available  for  the 
needs  of  the  plant  must  be  transformed  into  soluble  forms  fitted  for 
absorption  and  circulation.  Hitherto,  the  best  known  illustration  of 
such  a  vegetable  proteolytic  ferment  has  been  papain^  present  in  the 
juice  of  the  papaw  plant,  but  in  the  discovery  of  the  proteolytic 
action  of  pineapple  juice  we  have  what  promises  to  be  an  equally 
prominent  illustration  and  one,  moreover,  which  constitutes  an  addi- 

♦  Recentlj  deceased.  t  ^7  *^®  Moaquera-Julia  Food  Co. 

t  Bulletin  of  Pharmacy,  voL  v»  p.  77,  1891. 

%  Since  the  above  was  written  the  writer's  attention  has  been  called  to  the  follow- 
ing reference  contained  in  the  Botanisches  Centralblatt,  No.  44,  1891:  *  K.  Kayser, 
Note  aur  les  ferments  de  L'ananas,  Annalea  de  I'lnstitute  Pasteur,  1891,  No.  7." 
To  how  giTent  an  extent  this  communication  treats  of  the  work  about  to  be  described 
the  writer  has  at  present  no  means  of  judging,  as  the  above  periodical  is  not  at  hand. 
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tional  reasoD  for  believing  in  the  probable  wide-spread  distribntion 
of  proteid-digesting  principles  throughout  the  vegetable  kingdom. 

The  proteid-digesting  power*  of  fresh  pineapple  juice  is  something 
quite  remarkable  in  its  intensity  ;  it  is  moreover  a  constant  feature 
and  one  which  admits  of  easy  demonstration.  During  the  past  few 
months  great  numbers  of  ripe  pineapples  have  been  examined  in  the 
writer's  laboratory  and  in  no  instance  has  the  juice  failed  to  show 
marked  proteolytic  power,  as  evidenced  by  its  ready  solvent  action 
on  blood  fibrin  and  other  forms  of  proteid  matter. 

In  addition  to  this  proteid-digesting  power,  we  have  discovered 
that  the  juice  also  possesses  in  a  remarkable  degree  the  power  of  curd- 
ling or  clotting  milk.  Neutralized  pineapple  juice  added  to  milk 
warmed  at  40°  C,  quickly  brings  about  a  separation  of  the  casein,  in 
the  form  of  a  thipk  clot  or  curd,  the  action  being  apparently  exactly 
analogous  to  that  of  the  rennet-ferment  or  rennin.  Boiling  the  neu- 
tralized juice  prior  to  its  addition  to  the  milk  prevents  this  separation 
of  a  clot,  and  hence  the  action  in  question  must  be  due  to  the  pres- 
ence of  a  rennet-like  ferment.  This  ferment,  indeed,  we  have  been 
able  to  separate  from  the  juice,  together  with  the  proteolytic  fer- 
ment, by  saturation  of  the  fluid  with  ammonium  sulphate  and  with 
this  preparation  we  have  substantiated  its  milk-curdling  properties. 

Oeneral  character  of  pineapple  juice. 

As  is  well  known,  the  pineapple  is  an  exceedingly  juicy  fruit,  an 
average  sized  one  of  1100  grams  yielding,  after  chopping  the  tissue 
and  subjecting  it  to  sufficient  pressure,  600-800  cubic  centimeters, 
or  considerably  more  than  half  its  weight,  of  juice.  As  it  flows 
from  the  press  the  fluid  has  a  somewhat  turbid  appearance,  not 
easily  removed  by  filtration  through  paper,  but  eventually,  as  the 
pores  of  the  paper  become  somewhat  filled  up,  a  perfectly  clear 
yellowish  colored  filtrate  is  obtained,  of  very  decided  acid  reaction 
and  with  an  average  specific  gravity  of  1043.  The  acidity  is  very 
pronounced,  but  naturally  quite  variable,  being  dependent  in  part 
upon  the  ripeness  of  the  fruit.  A  determination  of  the  acidity  of 
twenty  distinct  samples  of  filtered  juice  showed  an  average  acidity 
equivalent  to  0*45  per  cent,  hydrochloric  acid  (HCl),  the  extremes 
being  0-28  per  cent,  and  0*65  per  cent.,  calculated  as  HCl.  The  con- 
tent of  proteid  matter  in  the  clear  filtered  juice  is  quite  small. 
Heated   with  Millon's   reagent,  a  fairly  strong  proteid  reaction  is 

•  This  was  referred  to  by  the  writer  in  a  paper  read  before  the  Philadelphia  County 
Medical  Society,  May  13,  1891,  an  abstractor  which  was  published  in  the  Medical 
News,  vol.  Iviii,  p.  7 1 9. 


JR.  jK  Chittenden — Fermenta  of  Pineapple  Juice,  283 

obtained,  the  intensity  of  which,  however,  appears  to  be  due  in  part 
to  the  presence  of  tyrosin  or  some  related  soluble  body. 

With  acetic  acid  alone  no  precipitate  is  produced,  but  with  acetic 
acid  and  potassium  ferrocyanide  a  slight  precipitate  or  turbidity 
results.  With  the  biuret  test,  the  reaction  is  in  great  part  vitiated 
by  the  large  amount  of  sugar  present  in  the  juice,  which  gives  rise  to 
an  intense  yellowish-brown  color  on  addition  of  the  strong  alkali. 

Neutralization  of  the  acid  juice  with  sodium  carbonate  fails  to 
give  any  neutralization  precipitate  whatever,  thus  showing  the 
absence  of  acid-albumin.  Concentrated  nitric  acid  produces  in  the 
clear  filtered  juice  a  white  precipitate  soluble  in  excess  of  the  acid, 
the  fluid  taking  on  a  bright  yellow  color. 

Fresh  pineapple  juice  filtered  clear  and  with  average  acidity,  sub- 
jected to  fractional  heat  precipitation  grows  slightly  turbid  at 
60-62®  C,  the  turbidity  increasing  gradually  as  the  temperature  is 
raised  until  75-78*^  C.  is  reached,  when  a  small  flocky  coagulum 
results.  The  filtrate  from  this  coagulum  on  being  further  heated 
shows  signs  of  turbidity  at  about  82®  C,  increasing  with  the  rise 
in  temperature,  without  however  any  distinct  signs  of  flocking  until 
the  boiling  point  is  reached.  As  the  fluid  commences  to  boil,  but 
sometimes  only  after  persistent  boiling,  a  fine  flocky  precipitate  sep- 
arates, which  on  filtration  leaves  a  perfectly  clear  fluid.  This  fluid, 
free  from  all  matter  coagulable  by  heat,  gives  with  Millon's  reagent 
the  usual  proteid  reaction,  while  with  acetic  acid  and  potassium  fer- 
rocyanide, it  yields  a  distinct  white  precipitate.  Concentrated  nitric 
acid  alone  gives  no  reaction,  but  addition  of  saturated-salt  solution 
with  the  acid  causes  a  distinct  turbidity,  which  is  increased  rather 
than  diminished  by  heat.  We  have  thus  evidence  of  the  presence  in 
pineapple  juice  of  what  appears  to  be  three  distinct  proteids  ;  two 
separable  from  the  acid  juice  by  heat  alone,  one  at  about  75°  C,  the 
other  at  100®  C,  while  the  third  body  is  wholly  non-coagulable  by 
heat,  but  is  precipitable  by  acetic  acid  and  potassium  ferrocyanide 
This  latter  proteid  can  also  be  precipitated  by  saturation  of  its  solu- 
tion with  ammonium  sulphate  (after  removal  of  the  proteids  separable 
by  boiling)  together  with  some  non-proteid  matter  present  in  the 
juice,  and  after  removal  of  the  ammonium  sulphate  by  dialysis  gives 
the  reactions  above  indicated.  It  is  present  only  in  very  small 
quantity.  In  some  cases,  however,  this  third  body  is  present  in  the 
juice  in  larger  quantity,  or  to  express  it  more  exactly,  in  some  speci- 
mens the  precipitate  produced  by  acetic  acid  and  potassium  fer- 
rocyanide in  the  filtrate  from  the  heat  precipitations  is  considerably 
more  pronounced  than  first  described. 

TBAKa    COHK.   AOAD.,   VOL.   VIII.  38  JAN.,    1892. 
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The  two  precipitates  produced  by  heat  alone,  viz  :  at  75-78®  C. 
and  at  100°  C.  are  not  coagulated  proteids  in  the  ordinary  sense  of 
the  term.  Unlike  an  ordinary  coagulum  of  albumin  or  globulin, 
these  precipitates,  when  filtered  off  and  washed  with  water,  dis- 
solve readily  and  almost  entirely  in  dilute  solutions  of  potassium 
hydroxide  ;  they  are  also  more  or  less  completely  soluble  in  0*5  per 
cent,  solution  of  sodium  carbonate,  especially  if  warmed,  and  are 
9omewhat  soluble  in  0*2  per  cent,  hydrochloric  acid.  In  strong 
nitric  acid  on  the  other  hand,  both  precipitates  are  insoluble  unless 
a  large  quantity  of  the  acid  is  added.  They  are  likewise  insoluble 
in  10  per  cent,  solution  of  sodium  chloride.  The  proteid  separable 
by  heat  at  about  75°  C.  appears  somewhat  more  soluble  in  0*5  per 
cent,  sodium  carbonate  than  the  substance  separating  at  100"  C,  the 
latter  dissolving  completely  in  0*5  per  cent,  sodium  carbonate  only 
when  the  mixture  is  heated  to  boiling.  The  solution  of  the  above 
precipitates  in  dilute  alkali  is  not  alkali-albumin,  although  the  sub- 
stance is  in  part  precipitated  by  neutralization  of  the  alkaline  fluid, 
since  nitric  acid  gives  a  precipitate  apparently  wholly  insoluble  in 
excess  of  the  acid,  even  on  heating. 

These  two  proteids,  when  dissolved  in  potassium  hydroxide  and 
tested  with  a  few  drops  of  a  dilute  solution  of  cupric  sulphate,  give 
a  violet  rather  than  a  red  biuret  reaction. 

While  .thus  these  two  proteids  precipitated  by  heat,  at  76°  and 
100°  C.  respectively,  are  not  exactly  akin  to  an  ordinary  albumin  or 
globulin  in  their  behavior  towards  heat,  neither  do  they  closely 
resemble  on  the  other  hand  an  ordinary  albumose,  like  the  /?  phyt- 
albumose  of  Martin*  present  in  papaw  juice,  since  the  precipitates 
are  not  readily  soluble  in  nitric  acid,  even  when  heated,  and  when 
once  dissolved  are  not  separable  on  cooling  the  solution. 

As  already  stated,  the  amount  of  proteid  matter  in  pineapple  juice 
is  comparatively  small  and  apparently  these  two  proteids,  separable 
by  boiling,  compose  the  greater  part  of  the  albuminous  matter.  The 
amount  was  determined  by  simply  heating  100"  of  filtered  (acid)  juice 
to  boiling,  collecting  the  precipitate  on  a  weighed  filter,  washing  it 
thoroughly  with  boiling  water  and  drying  it  at  110°  C.  until  of 
constant  weight.  The  result  showed  the  presence  of  only  0'0270 
gram  in  the  100*^*^  of  juice,  or  less  than  0*025  per  cent. 

When  neutralized  pineapple  juice  is  subjected  to  heat  precipita- 
tion, the  initial  turbidity  makes  its  appearance  at  about  72°-74°  C. 
with  separation  of  fiocks  at  82°-83°  C.  The  filtrate  from  this  pre- 
*  Journal  of  Physiology,  vol.  vi,  p.  341. 
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cipitate  remains  clear  even  when  the  solution  is  boiled,  bat  a  drop 
or  two  of  aoetic  acid  added  to  the  hot  fluid  produces  a  turbidity, 
which  on  further  heating  eventually  changes  to  a  flocculent  precip- 
itate. In  the  filtrate  from  this  second  precipitate,  acetic  acid  and 
potassium  ferrocyanide  show  the  presence,  in  small  quantity,  of 
what  is  presumably  a  non-coagulable  proteose.  It  is  thus  evident 
that  the  presence  of  acid  lowers  the  temperature  at  which  these 
hodies  are  precipitated  by  heat,  and  further  that  the  substance  pre- 
cipitated at  100^  C.  can  be  made  to  separate  only  in  the  presence  of 
dilate  acid.  This  fact  certainly  favors  the  view  that  the  juice 
contains  two  distinct  proteids  precipitable  by  heat,  the  one  at 
about  75°  C.  in  an  acid  solution  or  82"  C.  in  a  neutral  fluid,  the 
other  at  100**  C.  in  an  acid  fluid.  On  the  other  hand,  the  above 
reactions  might  be  produced  by  a  single  substance  slowly  or  incom- 
pletely precipitated  by  heat,  analogous  to  the  separation  of  Mar- 
tin's* /5  phytalbumose,  which  is  described  as  separating  in  two  dis- 
tinct stages,  viz:  at  from  78*-82°  C,  and  from  83''-95''  C.  As 
against  this  latter  view,  however,  we  have  the  apparent  fact  that 
in  the  pineapple  juice,  one  of  the  proteids  is  precipitated  from  a 
neutral  or  acid  fluid  by  heat,  the  other  only  from  an  acid  fluid. 

Long  continued  dialysis  (10-12  days)  of  neutralized  pineapple 
juice  in  running  water,  protected  from  putrefaction  by  addition  of 
thymol,  gives  little  or  no  separation  of  any  proteid  matter.  A  faint 
turbidity  may  appear,  but  no  separation  sufficiently  large  to  collect 
on  a  filter.  Such  turbidity  as  does  make  its  appearance  clears  up  on 
the  addition  of  a  few  drops  of  a  strong  solution  of  sodium  chloride, 
or  of  dilate  nitric  acid ;  two  reactions  equally  characteristic  of  a 
globulin  or  of  heteroproteose. 

Saturation  of  neutralized,  or  acid,  pineapple  juice  with  pure  am- 
monium sulphate  precipitates  all  of  the  proteids  present  in  the  fluid, 
together  with  a  small  amount  of  non-albuminous  matter.  In  this 
precipitate  are  contained  both  the  proteolytic  and  rennet-like  fer- 
ments. 

Saturation  of  neutralized  pineapple  juice  with  sodium  chloride 
gives  rise  to  a  small  flocculent  precipitate  of  proteid  matter,  which 
is  not  at  all  increased  by  the  addition  of  acetic  acid  to  the  salt- 
saturated  fluid.  Addition  of  ammonium  sulphate  in  substance  to 
the  filtrate  from  the  salt-saturation  precipitate  produces  a  further 
precipitate  of  proteid  matter,  thus  suggesting  a  possible  separation 
of  two  distinct  bodies.     Further,  simple  boiling  of  the  filtrate  from 

♦  Jounial  of  Physiology,  voL  vi,  p.  349. 
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the  Bodiam  chloride  saturation  produces  a  flocky  precipitate,  sub- 
stantiating this  view. 

Saturation  .of  the  neutralized  juice  with  magnesium  sulphate  like- 
wise produces  a  precipitate  of  proteid  matter,  somewhat  heavier 
than  that  induced  by  saturation  with  sodium  chloride.  Addition 
of  crystals  of  sodium  sulphate  to  the  filtrate  from  the  above  precip- 
itates causes  finally  a  slight  additional  separation  of  flocculent  mat- 
ter containing  a  little  proteid. 

Both  the  sodium  chloride  precipitate  and  the  magnesium  sulphate 
precipitate  are  strongly  proteolytic. 

The  general  character  of  these  precipitates  will  be  discussed  more 
in  detail  later  on,  in  connection  with  the  isolation  of  the  proteolytic 
ferment. 

Proteolytic  action  of  fresh  pineapple  juice  under  varying  conditions. 

As  already  stated,  fresh  pineapple  juice  is  strongly  proteolytic, 
and  its  proteid-digesting  power  is  manifested  in  a  neutral,  acid,  or 
even  alkaline-reacting  fluid.  In  this  respect,  therefore,  the  ferment 
resembles  trypsin  rather  than  pepsin. 

When  blood  fibrin  is  warmed  at  40®  C,  or  thereabout,  with  filtered 
pineapple  juice  of  average  acidity  the  fibrin  swells  up  somewhat  in 
the  acid  fluid,  then  quickly  becomes  disintegrated  and  in  part  dis- 
solved, the  initial  action  certainly  being  as  vigorous  as  that  of  a 
moderately  strong  solution  of  pepsin-hydrochloric  acid.  There  in- 
variably remains,  however,  even  after  long-continued  warming  at 
40*  C,  a  fairly  large  insoluble  residue,  not  of  unaltered  fibrin,  but 
of  finely  divided  antialbumid-like  matter  more  or  less  soluble  in 
weak  alkaline  fluids,  from  which  it  is  reprecipitated  by  the  addition 
of  dilute  acid. 

Pineapple  juice  neutralized,  or  made  very  faintly  alkaline,  with 
dilute  sodium  carbonate  acts  apparently  in  much  the  same  manner 
as  the  acid  juice,  except  that  in  the  alkaline-reacting  fluid  there  is 
less  residue  of  antialbumid-like  matter  and  in  the  neutralized  juice, 
naturally,  an  utter  absence  of  any  swelling  of  the  fibrin.  An  ex- 
amination of  the  several  digestive  mixtures,  however,  shows  that  the 
products  formed  in  a  neutral  or  alkaline  solution  are  different  some- 
what from  those  formed  in  an  acid-reacting  fluid,  a  point  which  will 
be  referred  to  again  later  on.  • 

One  of  the  most  noticeable  features  in  the  digestive  action  of  the 
pineapple  ferment  is  its  peculiar  softening  and  disintegration  of  the 
proteid  matter.     This  is  most  noticeable  in  a  neutral  solution ;  thus 
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when  blood  fibrin,  for  example,  is  warmed  with  neutralized  pine- 
apple juice,  or  better,  with  a  neutral  solution  of  the  isolated  ferment 
there  is  at  first  no  sign  of  any  digestive  action  whatever,  but  on 
gtirring  or  shaking  the  mixture,  after  a  sufficient  length  of  time,  the 
fibrin  faUs  to  pieces  completely  disintegrated  with  the  production  of 
a  more  or  less  turbid  fluid,  after  which  its  solution  is  fairly  rapid, 
although  there  invariably  remains  considerable  insoluble  matter,  the 
same  as  in  an  acid  mixture.  While  this  action  of  the  ferment 
resembles  somewhat  that  of  trypsin,  there  is  never  seen  that  pecu- 
liar eating  into  the  fibrin,  so  characteristic  of  the  latter  ferment;  the 
fibrin  never  has  the  appearance  of  being  full  of  tiny  holes,  as  if 
bored  by  a  host  of  worms,  so  often  seen  in  a  trypsin  digestion.  The 
pineapple  ferment  appears  simply  to  soften  the  fibrin  with  more  or 
less  solvent  action  at  the  same  time,  so  that  when  stirred  or  pressed 
it  breaks  apart  into  larger  or  smaller  pieces,  these  in  turn  under- 
going a  like  change  until  the  fibrin  is  thoroughly  disintegrated  and 
the  soluble  portion  dissolved. 

1. — If\fluence  of  the  reactiofi  of  the  fluid. 

As  is  well  known,  trypsin  *  and  papatn  f  act  best  in  an  alkaline 
medium  ;  the  pineapple  ferment  on  the  other  hand  acts  most  ener- 
getically in  a  neutral  solution,  although  the  ferment  is  decidedly 
active  in  the  presence  of  both  acids  and  alkali  carbonate. 

In  studying  the  effect  of  changes  in  the  reaction  of  pineapple 
jaice  on  its  proteolytic  power,  or  in  measuring  the  proteolytic  action 
of  the  ferment  under  varying  conditions,  the  following  method  was, 
as  a  rule,  made  use  of ;  a  given  volume  of  filtered  pineapple  juice, 
usually  100  c.  c,  was  warmed  at  40**  C.  for  a  given  length  of  time 
with  10  grams  of  moist,  freshly  coagulated  egg-albumin,  which  had 
been  completely  freed  from  all  soluble  matter  by  thorough  washing 
with  hot  water.  When  the  period  of  digestion  was  completed  the 
undissolved  matter  was  collected  on  a  weighed  filter,  washed  with 
water  until  all  soluble  bodies  were  removed  and  then  dried  at  110°C. 
until  of  constant  weight.  By  subtracting  the  weight  of  the  insolu- 
ble residue  so  obtained  from  the  weight  of  dry  albuminj  equivalent 
to  the  moist  albumin  used  in  the  experiment,  the  amount  of  proteid 
matter  digested,  or  rather  converted  into  soluble  products,  wasascer 
tained.      Obviously,  however,  the   so-called  undissolved  portion  of 

•Stadiea  from  the  Laboratory  of  Physiological  Chem.,  Yale  University,  vol.  i,  p.  135. 
f  Martii^  Journal  of  Physiology,  vol,  v,  p.  221 ;  vol.  vi,  p.  336. 
X  Determined  by  simply  drying  10  grams  of  the  sampled  coagulated  albumin,  at  110*  C 
until  of  constant  weight. 
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the  albumin  was  in  part  composed  of  insoluble  antialbumid-like 
matter,  especially  when  the  digestions  were  carried  on  in  acid  or 
neutral  media.  The  method,  however,  afforded  a  fairly  accurate 
means  of  measuring  the  proteolytic  power  of  the  ferment,  as  con- 
tained in  pineapple  juice,  while  the  greater  resistance  of  coagulated 
albumin  as  compared  «f^ith  blood  fibrin  seemed  to  offer  advantages 
in  the  way  of  accuracy. 

Ecperiment  L — The  pineapple  juice  employed  had  an  acidity 
equal  to  0*445  per  cent.  HCl,*  requiring  13  c.  c.  of  a  5*0  per  cent, 
solution  of  Na,CO,  to  neutralize  100  c.  c.  The  10  grams  of  moist  co- 
agulum  used  in  each  digestive  mixture  contained  1*3038  grams  of 
dry  albumin  (at  110^  C).  The  mixtures  were  warmed  at  40°  C.  for 
3^  hours. 

Per  cent. 
Pineapple  Juice.  Beactlon.  UndlMOlved  albumin.      dWeeted. 

A  100  c.  cf  natural  acidity  0-8932  gram  84*5 

B  100  neutrahzed  0*8187  400 

Experiment  IL — The  acidity  of  the  pineapple  juice  employed 
was  equal  to  0*507  per  cent.  HCl.  Necessary  to  neutralize  100  c.  c, 
14*7  c.  c.  of  a  5*0  per  cent,  solution  of  Na,CO,.  Weight  of  dry 
albumin  equivalent  to  the  10  grams  of  moist  coagulum  used  in  each 
mixture,  1  -3302  grams.  The  digestions  were  carried  on  at  40°  C.  for 
2  hours. 


Per  cent. 

Plneapplejalce. 

Reaction. 

digested. 

A 

100  c.  c. 

natural  acidity 

1*0586  grams 

20*8 

B 

100 

neutralized 

0*9855 

29*7 

Experiment  IIL — ^The  acidity  of  the  pineapple  juice  was  not 
accurately  determined.  15  c.  c.  of  a  dilute  solution  of  sodium  carbo- 
nate were  required  to  neutralize  100  c.  c.  of  juice.  The  weight  of 
dry  albumin  contained  in  the  10  grams  of  moist  coagulum  used  in 
the  digestions  was  1*4583  grams.  The  mixtures  were  warmed  at 
40^  C.  for  5i  hours. 

Per  cent. 
Pineapple  juice.  Beactlon.  UndlBSoIved  albumin.         digested. 

A.  100  c.  c.  natural  acidity  0*8926  gram  88*8 

B  100  half-neutralized         0*8788  40*2 

C  100  neutrahzed  0*8115  44*4 

From  these  results,  it  is  seen  that  full  40  per  cent,  or  more  of 
coagulated  egg-albumin  can  be  converted  into  soluble  products  by 
the  pineapple  ferment,  under  the  conditions  of  the  above  ezperi- 

*  Determined  by  titration  with  a  standard  solution  of  ammonium  hydrozida 
f  Pius  the  amount  of  sodium  carbonate  solution  required  for  neutralisation  in  B,  and 
of  water  to  make  an  equal  dilution  in  A. 
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mentSy  and  farther  that  the  neutralized  juice  is  considerably  more 
active  than  the  anneutralized  fluid.  Apparently,  the  proteolytic 
action  of  the  ferment  increases  with  the  decrease  in  acidity,  until  the 
neutral  point  is  reached. 

With  blood  flbrin,  on  the  other  hand,  juice  of  the  natural  acidity 
appears  to  have  a  greater  digestive  power  than  the  neutralized  fluid, 
although  on  this  point  we  have  only  a  single  experiment  to  offer. 
This  may  perhaps  be  explained  simply  by  the  swelling  of  the  fibrin 
in  the  dilute  organic  acid,  this  condition  possibly  facilitating  the 
action  of  the  ferment. 

Experiment  IV, — The  acidity  of  the  pineapple  juice  was  equal  to 
0*525  per  cent.  HCl.  Necessary  to  neutralize  100  c.  c.  of  filtered 
juice,  15*2  c.  c.  5*0  per  cent,  solution  of  Na,CO,.  Weight  of  dry 
albamin  contained  in  10  grams  of  moist  coagulum,  1  4486  grams. 
Weight  of  dry  fibrin  (at  110®  C.)  contained  in  6  grams  of  washed 
blood  fibrin,*  the  amount  used  in  the  digestions,  2*5273  grams. 
The  digestive  mixtures  were  warmed  at  40°  C.  for  2  hours. 


od  fibrin  .  . 

100  c.  c. 
'100 

Beactlon. 
natural  acidity 
neutralized 

Undissolved 
proteld. 

1-2435  grams 

1-4821 

Per  cent, 
dl^ited. 

50-8 

48-8 

r-albninin  . 

100 
100 

natural  acidity 
neutralized 

1-0825 
10096 

28-8 
30-8 

The  most  noticeable  feature  in  this  experiment,  aside  from  the 
point  already  mentioned,  is  the  far  greater  digestibility  of  blood 
fibrin  as  compared  with  egg-albumin,  a  fact  which  might  naturally 
be  expected,  since  the  same  is  true  in  the  case  of  other  well-known 
proteolytic  ferments. 

The  proteids  of  muscle  tissue  are  likewise  more  readily  digested 
by  pineapple  juice  than  coagulated  egg-albumin,  full  60  per  cent,  of 
the  former  proteids  being  converted  into  soluble  products  during 
one  hour's  warming  at  4^  C.  This  is  plainly  shown  in  the  follow- 
ing experiment,  in  which  also  the  muscle  proteids,  like  egg-albumin, 
are  seen  to  be  more  rapidly  digested  in  the  neutralized  juice  than  in 
the  acid  fluid. 

Meperiment  V, — The  acidity  of  the  pineapple  juice  employed  was 
equal  to  0*507  per  cent.  HCl.  Necessary  to  neutralize  100  c.  c.  of 
juice,  14-7  c.  c.  of  a  6  per  cent,  solution  of  Na,CO,.     Weight  of  dry 

*  Washed  with  water  and  salt  solution,  then  boiled  in  water,  alcohol,  and  lastly  in 
water. 
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proteids  contained  in  10  grams  of  prepared  muscle*  tissue,  2*7258 
grams. 

Pineapple  Undteeolved  Percent. 

Juice.  Reaction.  proteid.  dlfreated. 

honp  gt  40O  c     j  ^^  ^'  ^'        natural  acidity        1  -SWS  grams         80-6 
*  UOO  neutralized  1-1366  58-4 

1  hour  at  40-  C    .   P^  "^^^^-^^  "^^^^^^  ^'^^  ^'^ 

i  100  neutralized  1*0145  62*8 

The  acidity  of  pineapple  juice  is  due  to  organic  acids  and  acid 
salts,  far  weaker  in  their  action  on  ferments  than  mineral  acids. 
Addition  of  dilute  mineral  acid  in  small  quantity  to  pineapple  juice 
of  natural  acidity  checks,  but  does  not  prevent  the  digestive  action 
of  the  ferment.  Thus,  the  addition  of  an  equal  volume  of  0*2  per 
cent,  hydrochloric  acid  to  pineapple  juice  diminishes  very  greatly  its 
digestive  power,  but  does  not  prevent  it  altogether.  From  this  we 
may  conclude  that  pineapple  juice  can  exert  its  proteolytic  power, 
to  a  certain  extent,  when  taken  into  the  stomach  and  mixed  with  the 
acid  of  the  gastric  juice.  Obviously,  the  addition  of  an  equal  vol- 
ume of  0*2  per  cent,  hydrochloric  acid  to  neutralized  pineapple  juice 
does  not  necessarily  mean  the  presence  of  0*1  per  cent.  HCl,  since 
the  acid  may  be  in  great  part  used  up  in  decomposing  the  various 
salts  present,  and  in  combining  with  the  various  forms  of  organic 
matter  contained  in  the  juice. 

ExperimentVI, — The  acidity  of  the  pineapple  juice  employed 
was  equal  to  0*288  per  cent.  HCl.  The  10  grams  of  moist  albumin 
coagulum  used  in  the  digestions  contained  rV972  grams  of  dry 
albumin.     The  mixtures  were  warmed  at  40°  C.  for  1 7  hours. 

Pineapple  Juice  of  natural 
acidity. 

A  100  c.  c.  + 100  c.  c.  HiO 

B  100+100  0-2  J^  HCl 

Were  it  not  for  the  large  quantities  of  salts,  etc.,  in  pineapple 
juice  the  above  inhibitory  action  of  the  hydrochloric  acid  on  the 
ferment  would  be  far  more  pronounced.  This  is  shown  by  the  two 
following  experiments  : 

By  adding  about  five  volumes  of  95  per  cent,  alcohol  to  pineapple 
juice,  a  flocculent  precipitate  results  composed  of  the  proteids  of  the 
juice,  together  with  the  proteolytic  ferment  and  some  salts.  On 
dissolving  this  precipitate  in  water  a  solution  is  obtained  with 
marked  proteolytic  power, 

*  Prepared  by  soaking  chopped  muscle  tissue,  freed  from  fat  and  tendons,  in  water 
until  all  blood  and  soluble  extractives  were  removed. 


ndinaolved 
albKoiin. 

Per  cent, 
digested. 

1-2238  grams 

820 

1*4673 

190 
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JExperiment  VIZ — Aqueous  solution  of  the  above  described  alco- 
holic precipitate.  The  10  grams  of  moist  albumin  coagulum  used  in 
the  digestions  contained  1*4138  grams  of  dry  albumin.  The  mix- 
tures were  warmed  at  40°  C.  for  4  hours. 


Ferment  solution. 

Reaction. 

Undissolved 
albnmln. 

Per  cent, 
digested. 

A 

100««  +  100««H«O 

neutral 

10881  Krams 

281 

B 

100   +100  0-2  ^HCl 

0-ljiHCl 

1-4099 

0-8 

Thus,  with  this  very  impure  preparation  of  the  ferment  the  pres- 
ence of  O'l  per  cent,  hydrochloric  acid  was  sufficient  to  entirely 
prevent  any  digestive  action  whatever.  Doubtless,  even  smaller 
amounts  of  acid  would  have  the  same  influence  on  the  more  per- 
fectly isolated  ferment. 

As  already  stated,  saturation  of  pineapple  juice,  either  neutralized 
or  of  natural  acidity,  with  ammonium  sulphate  precipitates  all  or 
nearly  all  of  the  proteids  present  in  the  fluid,  the  precipitate  show- 
ing by  its  proteolytic  action  that  it  contains  the  ferment  as  well. 
An  aqueous  solution  of  such  a  precipitate,  dialyzed  to  free  it  from 
ammonium  sulphate,  has  a  marked  digestive  action,  but  when  mixed 
with  hydrochloric  acid  its  proteolytic  power,  like  that  of  the  alcohol 
precipitate,  is  immediately  checked. 

Experiment  VIIL — Aqueous,  dialyzed  solution  of  the  above 
described  ammonium  sulphate  precipitate.  The  amount  of  dry 
albumin  equivalent  to  the  10  grams  of  moist  coagulum  used  in  the 
digestions  was  1*5120  grams.  The  mixtures  were  warmed  at  40°  C. 
for  5  hours. 

Undissolved  Per  cent. 

Ferment  solution.  Reaction.  albumin.  diirested. 

A        lOO'^  +  lOO^^HaO  neutral  1-1791  grams  22-1 

B        100    +100  0-2  ^HCl    01^  Ha        1-4897  1-5 

As  previously  stated,  pineapple  juice,  and  the  isolated  ferment  as 
as  well,  manifests  its  proteolytic  action  in  an  alkaline-reacting  fluid, 
as  well  as  in  the  presence  of  an  acid  or  neutral  reaction.  When, 
however,  the  solution  becomes  strongly  alkaline  proteolytic  action 
is  quickly  retarded,  the  ferment  in  this  respect  differing  very 
decidedly  from  the  related  ferments  papain  and  .trypsin.  Thus,  the 
addition  of  small  quantities  of  sodium  carbonate  to  neutralized  pine- 
apple juice,  a  few  hundredths  of  one  per  cent.,  produces  no  notice- 
able effect,  but  as  the  quantity  is  increased  the  retarding  action  of 
the  alkali  becomes  more  pronounced,  until  at  last  it  checks  the  pro- 
teolytic action  of  the  ferment  altogether.  This  is  clearly  shown  in 
the  following  experiments: 

Ta^NS.  Conn.  Acad.,  Vol.  VIII.  39  Jan.,  1892. 
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Experiment  IX, — The  acidity  of  the  pineapple  juice  eraployed 
was  equal  to  0*462  per  cent.  HCl.  Necessary  to  neutralize  100^**  of 
juice,  IS^^'^of  5-0  per  cent,  solution  of  Na,CO,.  The  10  grams  of 
moist  albumin  coagulum  used  in  the  digestions  contained  1*3516 
grams  of  dry  albumin.  The  mixtures  were  warmed  at  40°  C.  for  1^ 
hours. 

Pineapple  Undiisolved  Per  eent. 

Juice.  Reaction.  albamin.  dlirested. 

A  100''  f  neutralized  0*9663  gram  28*6 

B  100  neutralized  09465  30-0 

C  100  0025  ji^  Na,CO,  0-9522  29-6 

D  100  005  *«  0-9735  28-0 

E  100  010  "  0-9968  26-8 

Experiment  X, — The  acidity  of  the  pineapple  juice  employed  was 
equal  to  0-656  per  cent.  HCl.  Necessary  to  neutralize  100*^%  19*1*^^ 
of  5*0  per  cent,  solution  of  Na,CO,.  The  amount  of  dry  albumin 
equivalent  to  the  )  0  grams  of  moist  coagulum  used  in  the  digestions 
was  1*3468  grams.     The  mixtures  were  warmed  at  40°  C.  for  2  hours. 


Pineapple 
Juice. 

Reaction. 

UndlBiolved 
albumin. 

Per  cent, 
digeated. 

A 

100« 

neutralized 

1-0257  grams 

23-9 

B 

100 

01  %  Na,CO, 

10577 

21-5 

C 

100 

0-5 

1-2268 

90 

D 

100 

10 

1-3520 

0 

Hence,  as  is  evident  from  the  above  experiments,  the  addition  of 
sodium  carbonate  to  neutralized  pineapple  juice  to  the  extent  of  0*5 
per  cent.,  almost  completely  stops  the  action  of  the  ferment,  while 
the  presence  of  1*0  per  cent,  of  the  alkali  carbonate  checks  it 
altogether.  Doubtless,  the  isolated  ferment  would  show  a  still 
greater  susceptibility  to  the  action  of  dilute  alkaline  fluids. 

From  the  foregoing,  it  is  evident  that  digestion  with  bromelin, 
the  ferment  of  pineapple  juice,  goes  on  most  vigorously  in  neu- 
tral solutions,  but  that  the  presence  of  small  amounts  of  acid,  espe- 
cially such  as  are  contained  in  pineapple  juice,  and  of  sodium 
carbonate  interfere  with  the  proteolytic  action  only  slightly;  larger 
amounts,  however,  check  the  action  of  the  ferment  altogether. 

It  is  further  evident  from  the  foregoing  results  that  the  pro- 
teolytic ferment  of  pineapple  juice  is  an  exceedingly  vigorous  fer- 
ment. We  cannot  say  definitely  how  much  pure  ferment  by  weight 
is  contained  in  100*^°  of  filtered  pineapple  juice.  There  is  no  doubt 
that  the  amount  varies  greatly  in  different  specimens  of  fruit;  in 
fact,  our  results  show  plainly  differences  in  proteolytic  power  hard 
to  be  accounted  for  in  any  other  way.     Experiments  to  be  described 
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later  sbow  that  the  proteolytic  ferment  is  either  preoipitable  by  heat, 
or  else  is  associated  with  proteid  bodies  so  precipitated.  Now  since 
the  total  amount  of  matter  precipitable  by  boiling  from  100*^*^  of 
filtered  pineapple  juice  amounts  to  only  27  milligrams,  and  this  obvi- 
ously cannot  be  all  proteolytic  ferment,  it  is  probable  that  the 
amount  of  pure  ferment  contained  in  the  quantity  of  pineapple 
juice  used  in  the  various  digestions  recorded  does  not  amount  to 
more  than  a  few  milligrams,  and  yet  in  one  experiment  with  the 
above  quantity  of  ferment  the-  equivalent  of  1714  milligrams  of  dry 
muscle  proteids  were  dissolved  in  one  hour  at  40°  C,  and  of  blood 
fibrin  an  amount  equivalent  to  1283  milligrams  of  dry  proteid  in  two 
hours  at  40°  C. 

With  such  vigorous  digestive  action  as  this,  many  possibilities 
suggest  themselves  in  the  way  of  practical  application  of  the  isolated 
ferment,  or  even  of  the  pineapple  juice  itself.  As  a  means  of  pep- 
tonizing foods  it  offers  peculiar  advantages  in  that  the  products  of 
digestion,  to  be  referred  to  later,  are  free  from  the  objectionable 
taste  usually  associated  with  peptones  resulting  from  the  proteolytic 
action  of  animal  ferments.  Again,  the  ferment  cannot  but  consti- 
tute a  good  solvent  for  pseudo-membranes,  while  its  vegetable  origin 
would  perhaps  recommend  it  as  a  more  agreeable  remedy  than  the 
kindred  ferments  from  animal  tissue.  In  some  sections,  popular 
opinion  has  already  accredited  to  pineapple  juice  virtue  as  a  sol- 
vent for  the  false  membranes  formed  in  diphtheria,  a  belief  which 
is  now  seen  to  be  founded  on  a  reliable  basis. 

2. — Influence  of  temperature. 

It  is  a  matter  of  common  observation  that  the  digestive  ferments, 
or  enzymes,  present  in  the  animal  organism  act  most  energetically 
at  approximately  the  body  temperature,  viz:  38°-40®  C.  Certain  of 
the  vegetable  ferments  on  the  other  hand,  notably  the  diastase  of 
malt,  act  most  vigorously  at  a  higher  temperature.  With  papain, 
the  proteolytic  ferment  of  papaw  juice,  Martin  demonstrated  the 
greater  activity  of  the  ferment  at  temperatures  between  30°  and 
36*  C.  than  between  18°  and  20°  C.  in  neutral  solutions,*  but  appar- 
ently the  effect  of  higher  temperatures  was  not  tried. 

Experiment  XL — The  10  grams  of  moist  albumin  coagulum  used 
in  the  digestions  contained  1*4990  grams  of  dry  albumin.  The 
several  mixtures  were  warmed  with  the  albumin  at  the  stated  tem- 

*  Journal  of  Physiology,  voL  v,  p.  221. 
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peratnres  for  2J  hours,  the  juice  having  been  first  brought  to  the  de- 
sired temperature  prior  to  the  addition  of  the  albumin. 


A 

Neutralized 
pineapple  Juice. 

100  C.  C. 

Temperature. 
12°  C. 

UndlMoWed 
albumin 

1-8090  grams 

Per  cent. 
dUreited. 

12-7 

B 

100 

20 

1-8037 

181 

C 

100 

40 

1-2281    . 

181 

D 

100 

49 

11959 

20-8 

E 

100 

56 

1-1709 

21-9 

Although  in  this  experiment,  the  proteolytic  action  of  the  juice, 
for  some  reason,  was  not  as  great  as  usual  the  results  show  in  a 
general  way  that  the  activity  of  the  ferment  increases  with  the  rise 
in  temperature  up  to  66°  C.  Further,  that  the  ferment  is  active  at 
comparatively  low  temperatures;  although  there  is  a  striking  differ- 
ence (nearly  50  per  cent.)  in  activity  between  the  two  extremes,  viz: 
at  12°  and  56°  C.  That  this  peculiar  ferment  is  truly  more  active  at 
50°-60°  C.  than  at  30°-40°  C,  under  the  above  conditions,  is  con- 
firmed by  the  two  following  experiments  : 

JEhrperiment  XIL — The  weight  of  dry  albumin  equivalent  to  the 
10  grams  of  moist  coagulum  used  in  each  digestion  was  1'2937 
grams.  The  several  portions  of  neutralized  pineapple  juice  were 
brought  to  the  required  temperatures  in  carefully  regulated  water- 
baths,  and  when  the  desired  point  was  reached  the  albumin  was  at 
once  added  and  the  mixtures  kept  at  the  stated  temperatures  for  two 
hours,  after  which,  as  in  the  other  experiments,  the  undissolved 
albumin  was  filtered  off,  washed,  dried  and  weighed. 


Neutralized 
pineapple  Juice. 

Temperature. 

UndlMolved 
albumin. 

Per  cent, 
digested. 

A 

100  c.  c. 

40**  C. 

1-0259  grams 

20-7 

B 

100 

49 

0-9648 

25-5 

C 

100 

58 

0-9837 

27-8 

D 

100 

66 

0-9721 

24-9 

Experiment  XIII. — This  experiment  was  conducted  in  essentially 
the  same  manner  as  the  preceding,  but  at  different  temperatures. 
The  weight  of  dry  albumin  equivalent  to  the  10  grams  of  moist 
coagulum  used  in  the  individual  digestions  was  1-3710  grams.  The 
ferment  was  allowed  to  act  on  the  albumin  for  two  hours  at  the  re- 
spective temperatures.  In  this  experiment,  duplicate  digestions  were 
made  and  the  results  are  interesting  as  showing  about  how  much 
variation  may  be  expected  from  the  errors  naturally  incidental  to 
methods  of  this  character. 
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NeatralUed 
pineapple  Jafce. 

Teniperatare. 

Undissolved 
albamln. 

Per  cent. 
dUrested. 

A 

100  C. 

c. 

50" 

C. 

0-9190  gram 

88-0 

B 

100 

60 

0-9289 

32-8 

C 

100 

AO 

0-9286 

82-3 

D 

100 

70 

1-0669 

22-2 

E 

100 

70 

10562 

280 

F 

100 

80 

1-3665 

0-4 

From  these  two  experiments  it  is  plain  that  the  ferment  as  con- 
tained in  neutralized  pineapple  juice  is  most  active,  on  coagulated 
egg-albumin  at  least,  between  the  temperatures  of  60°  and  60°  C. 
and,  further,  that  even  at  70°  C.  the  ferment  is  decidedly  active.  At 
80°  C.  there  is  practically  no  action  whatever.  In  this  connection 
it  is  to  be  remembered  that  neutralized  pineapple  juice  when  sub- 
jected to  heat  precipitation  grows  slightly  turbid  at  72°-74°  C,  with 
separation  of  a  flocky  precipitate  at  about  82°  C.  Doubtless  the 
destruction  of  the  ferment  by  heat  above  70°  C.  is  associated  with 
this  precipitation,  it  being  quite  possible  that  it  is  the  destroyed 
ferment  itself  which  is  so  precipitated. 

When  pineapple  juice  of  natural  acidity  is  warmed  with  egg- 
albumin  at  the  above  high  temperatures,  a  result  quite  different  from 
the  preceding  is  obtained  ;  under  such  conditions,  the  proteolytic 
action  of  the  ferment  is  diminished  rather  than  increased  and  at  70° 
C.  or  under,  the  ferment  is  completely  destroyed.  This  is  shown  in 
the  following  experiment. 

Experiment  XIV. — The  pineapple  juice  employed  had  an  acidity 
equal  to  0*464  per  cent.  HCl.  The  10  grams  of  moist  coagulum 
used  ip  the  digestions  contained  1*2966  grams  of  dry  albumin.  The 
mixtures  of  pineapple  juice  and  albumin  were  warmed  at  the  given 
temperatures  for  two  hours,  100  c.  c.  of  pineapple  juice  being  used  in 
each  digestion. 


Tempersture. 
40*^0. 
40 

Resctlon. 

natural  acidity* 
neutral 

Undissolved 
albamln. 

0-9667  gram 

0-9679 

Per  cent, 
diKested. 

25-4 

25-3 

55 
55 

natural  acidity 
neutral 

1-0672 
0*8968 

17-7 
80-8 

70 
70 

natural  acidity 
neutral 

1-3012 
1-0581 

0 
18-4 

From  these  results  it  is  seen  that  while  the  neutralized  fluid  is 
more  active  at  65°  C.  than  at  40°  C,  thus  confirming  the  previous 

*  In  this  individual  experiment,  the  neutralized  and  acid  fluids,  for  some  reason, 
show  exactly  the  same  digestive  power  at  40°  C. 
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data,  the  acid-reacting  fluid,  on  the  other  hand,  shows  far  less  diges- 
tive power  at  55°  C.  than  at  40°  C.  and  further,  at  70°  C.  is  entirely 
devoid  of  digestive  action,  while  the  neutral  fluid  at  the  latter 
temperature  is  strongly  proteolytic.  The  general  trend  of  these  re- 
sults, therefore,  is  to  show  that  the  ferment  in  a  neutral  solution 
will  withstand  exposure  to  high  temperatures  better  than  in  an  acid- 
reacting  fluid  ;  and  further,  that  while  the  ferment  in  a  neutral  solu- 
tion, as  in  neutralized  pineapple  juice,  acts  most  energetically  be- 
tween 50°  and  60*  C,  in  an  acid  solution  proteolytic  action  is  most 
vigorous  in  the  neighborhood  of  40°  C. 

With  pepsin,  Biernacke*  has  shown  that  an  acid  solution  increases 
the  resistance  of  the  enzyme  to  the  destructive  action  of  a  high  tem- 
perature ;  thus  this  ferment  in  the  presence  of  0*2  per  cent,  hydro- 
chloric acid  may  be  heated  up  to  60°  C.  before  it  is  killed,  while  in  a  , 
neutral  solution  of  the  same  strength  the  ferment  is  destroyed  at  55°  C. 
Trypsin,  on  the  other  hand,  was  found  more  resistant  to  heat  in  an 
alkaline  fluid  than  in  a  neutral  or  weakly  acid  solution. 

In  this  connection  it  is  interesting  to  notice  that  the  acid-reacting 
pineapple  juice  (natural  acidity)  subjected  to  heat  precipitation 
grows  turbid  at  60°-62°,  with  separation  of  flocks  at  about  75°  C;  in 
other  words,  the  destruction  of  the  ferment  by  heat  in  the  acid-react- 
ing fluid  is  coincident  with  the  commencement  of  the  precipitation, 
the  same  as  in  the  neutralized  juice. 

While  neutrcUized  pineapple  juice  is  extremely  active  on  proteid 
matter  at  the  high  temperatures  stated,  exposure  of  the  ferment 
solution  by  itself  in  the  absence  of  any  proteid  mattery  to  the  above 
temperatures  for  even  a  short  time  quickly  destroys  the  ferment. 
This  fact  is  clearly  shown  in  the  following  experiment : 

Experiment  XV. — Given  volumes  of  neutralized  pineapple  juice 
were  placed  in  water-baths  having  the  desired  temperatures,  and 
when  the  solutions  themselves  had  reached  the  temperatures  stated 
in  the  following  table  they  were  kept  at  that  point  for  fifteen  minutes, 
after  which  they  were  removed  from  the  baths,  cooled  to  40°  C.  and 
10  grams  of  coagulated  egg-albumin  added.  The  mixtures  were  then 
warmed  at  40°  C  for  two  hours  and  the  proteolytic  action  deter- 
mined in  the  usual  manner.  The  amount  of  dry  albumin  (at  110°  C.) 
equivalent  to  the  10  grams  of  moist  coagulum  used  in  the  individual 
digestions  was  1*3364  grams. 

■*Da8  Verhalten  der  Verdauungsenzyme  bei  Temperaturerhohungen.  Zeitschrift 
fur  Biologic,  Band  xiviii,  p.  49. 
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Neatrmlited 
pineapple  Jalce. 

Wanned  for  15 
minntea  at 

UndlBitolyed 
albumin. 

Per  cent, 
dlgeited. 

A 

100  C.  C. 

40^  C. 

1-1060  grams 

17-8 

B 

100 

60 

1*2049 

9-9 

C 

100 

70 

1-2971 

8-0 

D 

100 

80 

1-3420 

0 

While  neatralized  pineapple  juice  is  capable  of  digesting  more 
proteid  matter  at  60°  C.  than  under  like  conditions  at  40®  C,  warm- 
ing the  ferment  solution  alone  at  60°  for  fifteen  minutes,  prior  to  the 
introduction  of  the  albumin,  diminishes  the  proteolytic  power  of  the 
ferment  full  50  per  cent.  This  result  suggests  that  the  products 
of  digestion  protect  the  ferment,  to  a  certain  extent,  from  the 
destructive  action  of  the  high  temperature.  The  ferment  acts  quickly 
on  proteid  matter,  so  that  even  after  a  few  minutes  exposure  of  a 
mixture  of  albumin  and  pineapple  juice  to  40°-70°  C,  some  proteoses 
and  peptone  are  doubtless  formed,  which  can  in  some  manner  exert 
their  protective  action.  When,  however,  the  neutralized  juice  alone 
is  heated  to  60°  C,  in  the  absence  of  proteoses  and  peptone,  the 
ferment  is  rapidly  destroyed.  Doubtless,  the  ferment  as  contained 
in  pineapple  juice  is  more  resistant  to  heat,  than  a  solution  of  the 
isolated  ferment  would  be,  from  the  possible  protective  action  of 
salts  present,  although  of  this  point  we  cannot  speak  definitely. 
These  results  accord  with  Biemacki's*  observations  on  the  ferments 
pepsin,  trypsin  and  ptyalin.  This  investigator  found  that  albumose, 
amphopeptone  and  antipeptone  raised  the  temperature  at  which 
trypsin  was  destroyed  five  degrees  or  more  ;  that  peptone  raised 
the  temperature  at  which  pepsin  was  destroyed  in  acid  solution, 
from  60®-66°  C.  up  to  70°  C.  These  results  may  perhaps  be  ex- 
plained on  the  ground  of  a  combination  of  the  ferments  with  the 
albuminous  bodies,  the  hypothetical  compounds  having  greater 
resistance  towards  heat  than  the  ferment  alone.  In  any  event, 
the  general  statement  may  be  made  that  the  purer  the  ferment  the 
less  resistant  will  it  probably  be  to  the  destructive  action  of  high 
temperatures. 

While  the  preceding  results  show  that  the  pineapple  ferment,  as 
contained  in  filtered  pineapple  juice,  is  liable  to  be  killed  on  long- 
continued  exposure  to  temperatures  favorable  for  its  proteolytic 
action,  the  fluid  may  be  heated  at  temperatures  under  40°  C.  for  long 
periods  of  time,  or  even  evaporated  to  dryness,  without  destruction 
of  the  ferment,  provided  the  temperature  is  carefully  regulated  and 

♦  Zeitschrifl  fur  Biologie,  Band  xxviii.  p.  49. 


298  -B.  S,  Chittenden — FermenU  of  Pineapple  Juice. 

not  allowed  to  pass  beyond  40^  C.     This  is  demonstrated  by  the 
following  experiment : 

Meperiment  XVL — The  pineapple  juice  employed  had  an  acidity 
equal  to  0'445  per  cent.  HCl,  100  c.  c.  requiring  130  o.  c.  of  a  6*0  per 
cent,  solution  of  sodium  carbonate  for  neutralization.  The  10  grams 
of  albumin  coagulum  used  in  the  digestions  contained  1*3633  grams 
of  dry  albumin. 


A 

100  c.  c.  pineapple  juice +  13-0  c.  c.  5  per  cent.  NaaCO«  sol, 

B 

100    •*                     •*           4-l3*0    "            **               "        ** 

C 

100    "                     <*           +130    "                        HaO 

D 

100    "                      **           +13-0    ** 

Solutions  B  and  D  were  evaporated  to  dryness  on  plates  at  40°  C, 
the  residues  dissolved  in  water  and  made  up  to  113  c.  c.  respectively. 
All  four  solutions  were  then  mixed  with  10  grams  of  albumin  coag- 
ulum  and  warmed  at  40°  C.  for  3 J  hours,  after  which  the  amount  of 
albumin  digested  was  determined  in  the  usual  manner. 


Reaction,  etc. 

UndlMoWed  albnmln. 

Per  cent, 
digested. 

A 

neutral 

0-8177  gram 

401 

B 

**       evaporated 

1-0215 

251 

C 

natural  acidity 

0-8932 

34-5 

D 

**       evaporated 

0-8688 

36-7 

From  these  results,  it  is  plain  that  pineapple  juice  of  natural 
acidity  can  be  evaporated  to  dryness  at  a  temperature  not  exceeding 
40°  C.  and  still  preserve  its  proteolytic  power.  With  neutralized 
juice,  however,  the  above  results  indicate  a  partial  destruction  of  the 
ferment  during  the  evaporation.  Whether  this  is  due  to  the  action 
of  the  neutral  salts  formed  by  neutralization  of  the  acid,  or  to  some 
other  cause  we  cannot  say.  Possibly,  the  solution  may  have  been 
made  slightly  alkaline,  which  would  naturally  give  rise  to  some  de- 
struction of  the  ferment.  Several  repetitions  of  the  above  experi- 
ment, less  carefully  conducted,  have  shown  that  evaporation  of  the 
acid  juice,  however,  is  very  liable  to  result  in  a  partial  loss  of  pro- 
teolytic power,  unless  great  care  is  taken  in  keeping  the  evaporating 
fluid  at  40°  C.  or  under. 

3. — Rat^  of  action. 

Pineapple  juice  is  not  only  exceedingly  active  on  proteid  matter, 
but  under  favorable  circumstances  the  digestive  power  of  the  fer- 
ment is  quickly  manifested.  On  blood  fibrin  and  muscle  tissue, 
especially,  the  proteolytic  action  of  the  ferment  is  shown  in  a  rapid 
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solution  of  the  proteid  substance  ;  in  f aot,  a  single  observation  of  the 
manner  in  which  blood  fibrin  is  attacked  by  pineapple  juice  is  suf- 
ficient to  give  one  a  just  appreciation  of  the  energy  of  the  ferment. 
Thus  in  Experiment  IV,  it  will  be  remembered  that  50  per  cent,  of 
the  blood  fibrin  used  in  the  experiment  was  converted  into  soluble 
products  in  two  hours,  and  that  in  Experiment  V,  with  the  proteids 
of  muscle  tissue,  58  per  cent,  of  the  proteid  matter  was  dissolved 
by  neutral  pineapple  juice  in  half  an  hour  at  40°  C.  Naturally,  on 
coagulated  egg-albumin  the  digestive  power  of  the  ferment  is  less 
quickly  manifested,  but  the  experiments  already  recorded  show  that 
even  with  this  more  difficultly  digestible  proteid,  the  rate  of  action  is 
fairly  rapid.  The  two  experiments  following  give  a  general  impres- 
sion of  the  rate  of  action  of  the  ferment,  in  the  digestion  of  coagu- 
lated egg-albumin. 

Experiment  XVIL — The  10  grams  of  albumin  coagulum  used  in 
the  digestions  contained  1  '3944  grams  of  dry  albumin.  The  mixtures 
were  warmed  at  45°  C.  for  the  periods  stated  in  the  following  table, 
the  amount  of  albumin  digested  during  the  periods  being  then  deter- 
mined in  the  usual  manner. 


NentrallEtd 
pineapple  Juice. 

Time. 

Undissolved 
albumin. 

Per  cent, 
dl^eated. 

A 

100  C.  C. 

\  hour 

1*8026  grams 

6-6 

B 

100 

1 

1-2072 

18-5 

C 

100 

2 

1-0827 

22-4 

D 

100 

4 

0-8814 

86-8 

E  100  5  0-8521  88-9 

Experiment  XVIIL — The  10  grams  of  albumin  coagulum  used  in 
the  digestions  contained  1 -4833  grams  of  dry  albumin.  The  mix- 
lures  were  warmed  at  40°  C.  for  the  different  periods  stated,  after 
which  the  undissolved  albumin  was  filtered  off,  washed  and  weighed. 


Neutralised 
pineapple  Juice. 

Time. 

Undissolved 
albumin. 

Per  cent, 
digested. 

A 

100  c. 

c. 

i  hour 

1-8201  grams 

7-9 

B 

100 

\ 

1-2472 

18-0 

C 

100 

1 

11554 

19-4 

D 

100 

2 

1-1866 

20-7 

£ 

100 

4 

1-0117 

29-5 

F 

100 

6 

10012 

80-2 

While  the  results  of  these  two  experiments  differ  somewhat  from 
each  other  in  some  respects,  they  are  alike  in  showing  that  the  fer- 
ment commences  to  act  upon  the  proteid  matter  at  once,  and  that 
this  digestive  action  steadily  continues,  in  the  case  of  the  above 
proteid,  for  about  four  hours,  after  which  time  the  action  becomes 
very  much  slower. 

Tbaiw.  CJonn.  Aoad.,  Yql.  VIII.  40  Jan.,  1892. 
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Separation  of  the  proteolytic  ferment. 

Saturation  of  neutralized  pineapple  juice  with  ammonium  sulphate 
precipitates,  as  already  stated,  all  of  the  proteid  matter  contained  in 
the  solution.  The  filtrate  does  not  give  the  slightest  trace  of  a  tur- 
bidity on  boiling,  even  after  the  addition  of  acetic  acid.  Nitric  acid 
likewise  fails  to  give  any  reaction.  Acetic  acid  and  potassium  fer- 
rocyanide,  however,  give  a  slight  flocky  precipitate,  which  does  not 
appear  to  be  composed  of  proteid  matter.  The  ammonium  sulphate 
precipitate  contains  all  of  the  proteolytic  ferment  and  likewise  the 
milk-curdling  ferment,  if  this  is  a  distinct  body.  It  is  readily  and 
completely  soluble  in  water,  and  by  long  continued  dialysis  the 
solution  can  be  freed  from  ammonium  sulphate.  Unless  every  trace 
of  adherent  salt  is  removed  from  the  solution,  the  fluid  remains 
fairly  clear,  but  the  reaction  so  far  as  our  experience  extends  be- 
comes, almost  invariably,  slightly  alkaline.  On  evaporation  of  the 
fluid,  after  removal  of  all,  or  nearly  all  of  the  salt,  a  scaly  residue  is 
obtained  readily  soluble  in  water,  or  in  the  slight  trace  of  salt 
present,  with  strong  proteolytic  power  and  giving  distinct  reactions 
with  the  xanthoprotein,  biuret  and  Millon's  test.  The  aqueous 
solution  is  usually  slightly  turbid,  the  turbidity  however  disappear- 
ing on  the  addition  of  a  little  salt-solution,  especially  with  the  aid 
of  a  gentle  heat,  also  on  the  addition  of  0*2  per  cent,  hydro- 
chloric acid.  Evidently,  the  bodies  composing  the  ammonium  sul- 
phate precipitate  are  readily  soluble  in  very  dilute  salt-solution,  if 
not  in  water  alone. 

This  method  constitutes  a  fairly  good  way  of  separating  the  fer- 
ments from  the  bulk  of  the  extraneous  matters  present  in  the  juice. 
We  have  not,  however,  spent  much  time  in  a  close  study  of  the  make- 
up of  this  product  as  it  is  obviously  a  mixture  of  essentially  all  the 
proteid  bodies  contained  in  the  juice,  but  it  makes  a  very  good 
preparation  with  which  to  demonstrate  the  proteolytic  and  milk- 
curdling  properties  of  the  ferments. 

The  most  satisfactory  method  we  have  thus  far  found  for  the 
isolation  of  the  proteolytic  ferment,  and  one  which  yields  a  product 
with  very  strong  digestive  power,  is  by  precipitation  with  common 
salt. 

Saturation  of  neutralized  pineapple  juice  with  sodium  chloride 
gives  rise  to  a  small  flocculent  precipitate,  which  is  not  at  all  in- 
creased by  the  addition  of  acetic  acid  to  the  salt-saturated  fluid. 
Obviously,  this  precipitate  might  be  composed  of  a  globulin,  or  of  a 
body  akin  to  heteroproteose.     It  was  studied  after  the  following 
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plan  :  a  large  volume  of  freshly  filtered  juice  was  carefully  neutral- 
ized with  sodium  carbonate,  and  then  saturated  at  the  temperature  of 
the  room  with  pure  salt.  The  slight  flocculent  precipitate  which  re- 
sulted was  filtered  off,  washed  with  saturated  salt-solution,  then 
dissolved  in  water  and  dialyzed  in  running  water,  putrefaction  being 
prevented  by  addition  of  thymol  After  several  days'  dialysis, 
though  still  containing  some  sodium  chloride,  a  portion  was  tested 
as  follows  :  it  had  the  appearance  of  a  somewhat  turbid  fluid,  as 
though  a  separation  had  commenced  to  take  place,  but  it  could  not 
be  filtered  clear.  On  warming  the  mixture  gently,  the  turbidity 
showed  a  tendency  to  clear  up  somewhat.  Subjected  to  careful 
heating,  the  mixture  appeared  to  show  an  increased  turbidity  at  65° 
C,  while  at  72°  C.  there  was  a  distinct  and  heavy  turbity,  but  no 
separation  of  flocks.  As  the  temperature  was  raised,  the  turbidity 
changed  to  a  thick  milkiness  without,  however,  any  appearance  of 
flocks  even  on  boiling.  The  solution  seemed  perfectly  neutral  to 
delicate  test  papers.  By  judicious  addition  of  dilute  acetic  acid  and 
renewed  heating,  the  milky  fluid  was  finally  made  to  yield  a  flocky 
precipitate,  in  the  filtrate  from  which  no  proteid  reaction  could  be 
obtained,  thus  indicating  that  the  sodium  chloride  precipitate  is 
composed  wholly  of  matter  precipitable  by  heat. 

The  solution  taken  from  the  dialyzer  showed  strong  proteolytic 
action  on  blood  fibrin. 

The  remainder  of  the  solution  was  dialyzed  for  one  week  longer, 
until  nearly  every  trace  of  sodium  chloride  was  removed,  and  again 
tested.  The  fluid  had  a  very  milky  appearance,  but  no  distinct 
separation  of  flocculent  matter  was  seen.  This  heavy  turbidity 
cleared  up  somewhat  on  warming  and  disappeared  completely  on 
adding  a  few  drops  of  20  per  cent  salt-solution,  also  on  the 
addition  of  a  drop  or  two  of  dilute  nitric  acid.  The  addition  of 
more  nitric  acid  to  the  latter  solution  was  followed  by  the  reappear- 
ance of  a  turbidity,  which  did  not  disappear  by  gentle  heat,  but 
separated  into  flocks,  not  readily  soluble  in  a  large  excess  of  nitric 
acid. 

The  reaction  of  the  solution  taken  from  the  dialyzer  was  faintly 
alkaline.  Heated,  the  solution  became  distinctly  turbid  at  66°-70° 
C.  and  quite  opaque  at  80°  C,  but  without  separation  of  flocks  until 
after  persistent  boiling.  A  drop  of  acetic  acid,  however,  added  to 
the  boiling  fluid  quickly  caused  a  flocculent  precipitate,  the  filtrate 
from  which  was  practically  free  from  all  trace  of  proteid s.  The  salt- 
free  solution,  although  faintly  alkaline,  still  showed  strong  pro- 
teolytic power. 
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On  cautiously  adding  0-2  per  cent,  hydrochloric  acid  to  the  faintly 
alkaline  fluid  a  heavy  turhidity  made  its  appearance,  which  changed 
to  a  flocculent  precipitate  as  the  fluid  hecame  slightly  acid  ;  on 
addition  of  a  small  excess  of  acid  the  precipitate  quickly  dissolved. 
From  this  it  may  he  inferred  that  if  the  solution  had  heen  perfectly 
neutral,  a  more  pronounced  separation  of  the  proteid  might  have  oc- 
curred in  the  dialyzer  tube  ;  evidently,  however,  the  body  is  ex- 
tremely soluble  in  very  dilute  acid  and  alkaline  solutions,  as  well  as 
in  dilute  solutions  of  neutral  salts.  Thus,  the  precipitate  produced 
in  this  manner  by  the  addition  of  a  little  0*2  per  cent,  hydrochloric 
acid  was  readily  dissolved  by  10  per  cent,  salt-solution,  the  fluid 
becoming  turbid  again  on  boiling,  with  separation  of  a  flocculent 
precipitate. 

Further,  by  gently  warming  the  turbid  mixture  resulting  from  the 
addition  of  a  few  drops  of  0*2  per  cent,  hydrochloric  acid,  the  fluid 
cleared  up  almostly  completely,  the  turbidity  returning  as  the  mix- 
ture cooled. 

Addition  of  dilute  hydrochloric  acid,  however,  did  not  precipitate 
all  of  the  proteid ;  the  filtrate  still  contained  some  proteid  matter 
and,  moreover,  showed  marked  proteolytic  action  on  fibrin.  Thus 
in  one  instance,  0*2  per  cent,  hydrochloric  acid  was  added  to  the 
dialyzed  solution  until  a  distinct  flocky  precipitate  resulted,  this  was 
filtered  off  and  dissolved  in  lU-per  cent,  solution  of  sodium  chloride. 
This  solution  on  being  heated  gradually,  grew  turbid  at  66®-68°  C. 
but  did  not  yield  any  further  precipitate  even  on  boiling.  The  tur- 
bidity did  not  disappear  on  the  addition  of  0*5  per  cent,  sodium  car- 
bonate, or  of  0'2  per  cent,  hydrochloric  acid,  but  was  soluble  in  dilute 
potassium  hydroxide. 

The  filtrate  from  the  above  precipitate  showed  marked  proteolytic 
action  ;  it  also  yielded  a  slight  precipitate  with  strong  nitric  acid, 
not  dissolved  by  warming;  subjected  to  heat  precipitation  the  solu- 
tion grew  turbid  at  73°  C,  but  did  not  give  any  further  precipitate 
even  on  boiling.  The  turbidity  did  not  readily  disappear  on  the 
addition  of  either  dilute  hydrochloric  acid  or  of  0*5  per  cent,  sodium 
carbonate,  but  was  quickly  soluble  in  very  dilute  potassium  hydrox- 
ide. Evidently,  the  substance  precipitated  by  the  acid  and  that 
remaining  in  solution  were  essentially  the  same. 

From  the  foregoing,  it  is  plain  that  the  proteid  substance  pre- 
cipitated by  saturation  of  neutral  pineapple  juice  with  sodium  chlo- 
ride, is  a  peculiar  body  partaking  both  of  the  characters  of  a  globulin 
and  of  heteroproteose.    That  it  approximates  more  closely  to  the  latter 
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is  evident  from  the  fact  that  the  several  precipitates  produced  by- 
heat  are  more  soluble  in  dilute  alkalies  than  is  customary  for  coagu- 
lated globulin,  and  that  the  precipitate  produced  by  addition  of 
dilute  hydrochloric  acid  is  so  readily  soluble  on  warming  the  neutral 
or  slightly  acid  mixture,  followed  by  its  re-appearance  as  the  tem- 
perature is  lowered.  On  the  other  hand,  the  pronounced  insolubility 
of  the  proteid  in  warm  nitric  acid  of  all  strengths  is  contrary  to  the 
usual  behavior  of  the  proteoses.  Further,  the  substance  gives  a 
biuret  reaction  more  violet  than  red,  and  when  boiled  for  a  short 
time  with  0*5  per  cent,  sodium  carbonate  it  is  transformed  appar- 
ently into  alkali-albumin,  since  the  precipitate  resulting  from  neu- 
tralization of  the  alkaline  fluid  is  then  insoluble  in  salt  solution, 
although  readily  dissolved  by  a  slight  excess  of  dilute  hydrochloric 
acid. 

It  is  further  evident  that  the  proteolytic  ferment  of  pineapple 
juice  is  either  associated  with  this  peculiar  globulin  or  proteose-like 
body,  or  else  is  the  body  itself.  The  above  method  of  precipitating 
the  proteolytic  ferment,  by  saturation  of  the  juice  with  sodium 
chloride,  brings  about  a  complete  separation  of  the  ferment,  provided 
the  fluid  is  fully  saturated  with  the  salt.  The  filtrate,  however,  still 
contains  some  proteid  matter,  precipitable  by  shaking  the  fluid  with 
neutral  ammonium  sulphate.  This  substance  was  separated  from  a 
large  quantity  of  juice,  by  treating  the  filtrate  from  the  sodium 
chloride  precipitate  with  ammonium  sulphate,  added  to  complete 
saturation. 

The  slight  stringy  precipitate  which  resulted  was  filtered  off, 
dissolved  in  water  and  dialyzed.  After  several  days  a  small  portion 
of  the  solution,  though  still  containing  some  salts,  was  tested  as 
follows :  heated  gradually  the  solution  became  slightly  turbid  at  65°- 
70"*  C,  with  separation  of  flocks  at  80°-82''  C.  The  filtrate  from  this 
precipitate  gave  no  further  signs  of  separation  even  when  heated  to 
boiling,  but  a  drop  of  acetic  acid  added  to  the  hot  fluid  produced  a 
slight  turbidity. 

The  dialysis  was  continued  for  about  ten  days  longer,  until  the 
salts  were  almost  wholly  removed,  when  the  solution  was  found 
faintly  alkaline  and  slightly  turbid.  This  turbidity  disappeared 
at  once  on  addition  of  a  drop  of  dilute  nitric  acid,  also  on  the  addi- 
tion of  a  few  drops  of  salt  solution.  Addition  of  0*2  per  cent,  hydro- 
chloric acid  to  faint  acid  reaction  produced  a  slight  precipitate, 
readily  soluble  in  salt  solution.  Subjected  to  heat  precipitation,  the 
turbid  fluid  cleared  up  somewhat  at  first,  then  became  slightly  turbid 
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at  about  68°  C,  the  turbidity  becoming  more  pronounced  at  75*^-80° 
C,  followed  by  the  separation  of  a  fine  fiocculent  precipitate  at 
85°-37*  C.  A  more  complete  separation  was  obtained  by  adding  a 
drop  of  acetic  acid  to  the  hot  fluid.  The  precipitate  produced  by 
heat  at  about  85°  C.  was  almost  wholly  insoluble  in  dilute  alkalies. 

This  ammonium  sulphate  precipitate  was  found  wholly  free  from 
any  proteolytic  power  either  in  neutral,  acid  or  alkaline  solutions. 
With  the  biuret  test  it  gave  a  very  faint  violet  color. 

Hence,,  as  already  stated,  saturation  of  neutral  pineapple  juice 
with  sodium  chloride  precipitates  all  of  the  proteolytic  ferment 
present,  while  there  remains  in  solution  some  proteid  substance,  pre- 
cipitable  by  ammonium  sulphate,  having  essentially  the  same  chemi> 
cal  properties  as  the  preceding  body.  Certain  points  of  difference, 
however,  are  noticeable  ;  thus  the  body  precipitated  by  sodium 
chloride  shows  more  of  a  tendency  to  separate  from  its  solution  on 
dialysis,  than  the  substance  precipitated  by  ammonium  sulphate. 
Further,  the  former  body  on  exposure  to  heat  precipitation  separates 
less  readily  from  its  solution,  except  on  the  addition  of  a  drop  of 
acid,  although  the  solution  shows  a  heavy  turbidity  at  much  the 
same  temperature  as  the  latter  body.  The  one  thing,  however,  to 
be  emphasized  here  is  that  the  sodium  chloride  precipitate  is 
strongly  proteolytic,  while  the  body  separated  by  ammonium  sul- 
phate is  devoid  of  this  property.  A  more  exact  study  of  the  chemi- 
cal status  of  these  two  substances  is  now  in  progress,  but  at  present 
nothing  more  definite  can  be  said. 

Another  method  of  separating  the  proteolytic  ferment  is  by  pre- 
cipitation with  magnesium  sulphate.  Saturation  of  neutralized  pine- 
apple juice  with  this  salt  gives  much  the  same  separation  as  that 
produced  by  saturation  with  sodium  chloride  ;  i.  e.  a  slight  flocky 
precipitate,  readily  soluble  in  water  and,  after  removal  of  the  adher- 
ent salt,  strongly  proteolytic.  The  filtrate  still  contains  some  proteid 
matter,  precipitable  in  small  quantity  by  the  addition  of  sodium 
sulphate  in  substance. 

The  magnesium  sulphate  precipitate  was  examined  with  the  fol- 
lowing results;  it  was  dissolved  in  water  and  dialyzed  for  several 
days,  until  the  greater  portion  of  the  adherent  salt  was  removed. 
On  testing  the  solution  by  heat  precipitation,  it  grew  distinctly 
turbid  at  62°  C,  with  separation  of  flocks  at  75°  C.  This  precipi- 
tate represented  practically  all  of  the  proteid  present  in  the  solution, 
for  boiling  the  filtrate,  with  or  without  acid,  failed  to  give  any 
further  separation  other  than  a  faint  turbidity  produced  by  the 
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acetic  acid.  The  dialysis  was  continued  for  a  week  or  more  longer, 
until  every  trace  of  sulphate  was  removed,  when  the  reaction  of  the 
solution  was  found  distinctly  alkaline,  so  much  so  that  no  precipi- 
tate  separated  even  on  boiling  the  solution,  although  it  became  quite 
opaque  at  about  78°  C,  until  a  drop  of  acetic  acid  was  added.  In 
another  preparation,  where  the  alkalinity  was  less  pronounced,  the 
solution  after  dialysis  of  all,  or  nearly  all  of  the  salt,  gave  a  floccu- 
lent  precipitate  at  85°  C. 

The  faintly  alkaline  solution  of  the  proteid  yielded  a  precipitate 
on  addition  of  0*2  per  cent,  hydrochloric  acid,  very  soluble  in  a 
little  salt  solution  and  in  a  slight  excess  of  0*2  per  cent.  acid.  Only 
a  portion  of  the  substance  was  separated  however,  by  this  method 
of  precipitation.  The  filtrate,  which  appeared  nearly  neutral  to 
test  papers,  on  being  heated  grew  turbid  at  73*  C,  without  however 
any  separation  of  flocks  until  the  solution  was  boiled.  The  slight  floc- 
culent  precipitate  which  then  resulted  was  wholly  soluble  in  0*5  per 
cent,  sodium  carbonate,  and  nearly  so  in  0*2  per  cent,  hydrochloric  acid. 
Further,  the  filtrate  had  marked  proteolytic  power  and  treated  with 
nitric  acid  gave  a  distinct  turbidity,  not  appreciably  diminished  by 
warming  the  mixture.  That  portion  of  the  proteid  precipitated  by  the 
dilute  hydrochloric  acid  gave,  after  solution  in  dilute  sodium  chlo- 
ride, essentially  the  same  reactions  as  the  foregoing,  so  that  evidently 
the  two  fractions  were  identical. 

This  preparation  of  the  ferment  agreed  fairly  well  in  its  reactions 
with  the  substance  separated  by  sodium  chloride.  Like  the  latter, 
the  turbid  solution  resulting  from  the  dialysis  cleared  up  on  addition 
of  a  little  salt  solution,  likewise  on  the  addition  of  a  few  drops  of 
dilute  nitric  acid,  while  more  acid  produced  a  second  turbidity  not 
readily  dissolved  by  an  excess  of  the  acid,  or  by  heat.  With  the 
biuret  test,  a  more  distinctly  reddish  color  was  produced  than  here- 
tofore seen. 

There  are,  therefore,  two  good  methods  for  the  isolation  of  the 
proteolytic  ferment  from  pineapple  juice  ;  one  by  saturation  of  the 
neutralized  fluid  with  sodium  chloride,  the  other  by  saturation  with 
magnesium  sulphate.  In  our  opinion,  the  former  method  yields  a 
product  with  the  strongest  proteolytic  power,' although  this  needs  to 
be  verified  by  further  observations.  As  to  the  exact  chemical  nature 
of  the  ferment,  or  of  the  body  it  is  associated  with,  we  are  not  yet  able 
to  speak  with  perfect  confidence.  It  is  our  opinion  that  the  proteo- 
lytic body  separated  by  the  above  methods  is  a  mixture  of  a  globulin 
and  a  proteose,  but  as  yet  we  have  not  been  able  to  accomplish  a  dis- 
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tinct  separation.  On.  the  other  hand,  it  is  possible  that  the  sab- 
stance  is  a  single  body  possessed  of  properties  akin  to  both  the  above, 
but  this  view  seems  hardly  probable  ;  its  precipitation  by  saturation 
with  magnesium  sulphate  and  by  s'^dium  chloride  possibly  favor  its 
being  a  globulin,  while  its  extreme  solubility  in  dilute  salt  solutions, 
in  dilute  acids  and  alkali  are  equally  characteristic  of  both  bodies. 
The  more  or  less  constant  solubility  of  the  heat  precipitates  in 
dilute  alkalies  favors  its  proteose  nature,  and  if  a  proteose  it  is  most 
closely  related  to  heteroproteose.  The  substances  are,  moreover, 
alkaline  reacting  bodies  completely  precipitable  by  heat,  especially 
in  the  presence  of  a  trace  of  acid. 

We  are  now  occupied,  with  the  aid  of  larger  quantities  of  mate- 
rial, in  an  attempt  at  a  better  separation  of  these  bodies  with  the 
hope  of  acquiring  more  definite  knowledge  regarding  their  chemical 
nature,  composition,  etc. 

Whether  globulin  or  proteose,  these  bodies  present  in  pineapple 
juice,  are  very  resistant  to  the  digestive  action  of  the  ferment. 
Thus,  long  continued  warming  (3-5  hours)  of  fresh  pineapple 
juice  with  strong  proteolytic  power  at  40°  C.  does  not,  in  the 
least,  change  the  temperature  at  which  the  several  heat  precipita- 
tions occur  ;  a  point  which  certainly  indicates  the  resistance  of  these 
proteids  to  proteolytic,  or  at  least  to  this  particular  kind  of  proteo- 
lytic, action  ;  the  bodies  in  this  respect  resembling  the  cUmid  bodies 
described  by  Neumeister.* 

Products  formed  by  the  proteolytic  action  of  the  ferment. 

On  this  point,  we  have  made  only  a  few  preliminary  experiments, 
designed  simply  to  throw  some  light  on  the  nature  of  the  ferment  as 
a  proteolytic  agent.  The  results  indicate  that  the  ferment  is  more 
nearly  related  to  trypsin  than  to  pepsin,  in  that  not  only  are  proteoses 
and  peptone  formed  by  its  action,  but  also  leucin  and  tyrosin. 

When  washed  and  boiled  blood  fibrin,  for  example,  is  warmed  at 
40°  C.  with  fresh  pineapple  juice  of  natural  acidity  for  two  or  three 
hours,  the  proteid  matter  is  thoroughly  digested,  but,  as  previously 
stated,  a  fairly  large  residue  of  finely  divided  matter  remains  undis- 
solved, resistant  to  the  farther  action  of  the  ferment.  This  anti- 
albumid-like  matter  is  readily  soluble  in  weak  solutions  of  sodium 
carbonate,  from  which  it  is  re-precipitated  by  addition  of  acetic  acid, 

*  Zeitschrift  fiir  Biologie,  Band  xxvi,  p.  57.  "  Ueber  die  nachate  Einwirkung  ge- 
gpannter  Wasserdampfe  auf  Proteine  und  ubcr  eine  Griippe  eigenthiimlicher  Erweias- 
korper  und  Albiimosen." 
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and  not  readily  dissolved  by  an  excess  of  the  acid.  This  same  body 
is  likewise  formed  by  the  action  of  fresh  pineapple  juice  in  neutral 
or  weak  alkaline  solutions,  and  also  by  the  isolated  ferment  as  pre- 
pared by  the  methods  previously  described. 

Boiling  the  acid  digestive  fluid  gives  no  noticeable  coagulum,  and 
addition  of  moderately  strong  nitric  acid  likewise  fails  to  produce 
any  precipitate.  Neutralization  of  the  acid  digestive  mixture  may 
give  rise  to  a  small  amount  of  a  neutralization  precipitate,  resembling 
acid-albumin.  On  evaporation  of  the  neutralized  fluid,  the  solution  re- 
mains fairly  clear,  and  when  sufficiently  concentrated  addition  of  strong 
alcohol  gives  a  gummy  precipitate  of  proteose  and  peptone,  while 
from  the  alcoholic  solution  crystals  of  tyrosin  can  be  obtained  and, 
in  lesser  quantity,  leucin  also.  Tyrosin  appears  to.  be  present  in 
much  larger  amount  than  leucin.  On  dissolving  the  alcohol  precipi- 
tate in  water  and  saturating  the  solution  with  ammonium  sulphate  a 
heavy  precipitate  of  proteose  is  obtained,  while  in  the  filtrate  a  large 
amount  of  true  peptone  is  found,  which  after  removal  of  the  sulphate 
by  dialysis  gives  a  bright  red  color  with  the  biuret  test,  etc.  So  far 
as  our  experiments  extend,  the  proteose  is  composed  mainly  of  a 
deutero-like  body,  only  a  small  precipitate  being  obtained  by  satura- 
tion with  sodium  chloride,  either  in  a  neutral  or  slightly  acid  solution. 
An  experiment  like  the  preceding  carried  out  with  coagulated  egg- 
albumin  gave  essentially  the  same  results. 

When  pineapple  juice  of  neutral  or  faintly  alkaline  reaction^  or  a 
neutrai  or  slightly  alkaline  solution  of  the  proteolytic  ferment,  is 
wanned  with  blood  fibrin,  for  example,  the  digestion  appears  much 
the  same  as  the  preceding,  but  on  heating  the  filtered  solution  a  very 
pronounced  milky  turbidity  appears,  which  on  addition  of  a  drop 
or  two  of  acetic  acid  changes  to  a  heavy  flocculent  precipitate,  insol- 
uble in  excess  of  the  acid. 

Further,  addition  of  nitric  acid  to  the  neutral  or  slightly  alkaline 
digestive  fluid  gives  a  heavy  curdy  white  precipitate,  insoluble  on 
application  of  heat,  and  likewise  insoluble  in  an  excess  of  the  acid. 
Heated  with  an  excess  of  acid,  the  precipitate  takes  on  an  intense 
yellow  color.  This  precipitate  produced  by  nitric  acid  is  likewise 
msolnble  in  a  10-per  cent,  solution  of  sodium  chloride,  at  least  in  the 
presence  of  the  acid. 

This  body,  so  characteristic  of  broraelin  digestion  in  neutral  or 
faintly  alkaline  solutions,  is  very  resistant  to  the  action  of  the  fer- 
ment, being  still  present  even  after  a  long-continued  digestion.  It 
seems  probable  that  this  substance  results  from  the  action  of  the  fer- 

Trahs.  Conn.  Acad.,  Vol.  VIII.  41  Jan.,  1892. 
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ment  in  a  neutral  or  alkaline  solution,  on  the  insoluble  antialbumid- 
like  body  so  conspicuous  in  an  acid  digestion  ;  for  while  the  latter 
body  is  also  present  in  neutral  and  alkaline  digestions,  the  amount 
seems  smaller,  and  further,  the  reactions  of  the  two  bodies  are  very 
much  alike. 

Aside  from  this  one  point  of  difference,  the  products  formed  in  a 
neutral  or  alkaline  digestion  are,  so  far  as  we  have  seen,  essentially 
the  same  as  those  formed  by  pineapple  juice  of  natural  acidity.  Thus, 
on  boiling  a  slightly  alkaline  digestive  mixture  resulting  from  the 
action  of  the  isolated  ferment  on  blood  fibrin,  and  adding  a  drop  or 
two  of  acetic  acid  to  facilitate  the  separation  of  the  coagulum,  a 
clear  filtrate  was  obtained,  without  trace  of  reaction  with  nitric  acid, 
except  in  the  presence  of  salt,  and  giving  the  usual  reactions  for  pro- 
teose and  peptone.  Thus,  the  addition  of  concentrated  salt-solution 
to  the  clear  filtrate,  followed  by  a  few  drops  of  acid  gave  more  or 
less  of  a  turbidity,  readily  dissolved  on  application  of  heat,  reappear- 
ing on  cooling. 

We  hope  soon  to  present  a  more  detailed  report  regarding  the 
properties  and  composition  of  the  several  products  resulting  from 
the  action  of  the  isolated  ferment  on  egg-albumin,  blood  fibrin  and 
myosin. 

Sheffield  Biological  Laboratory  of  Yale  University. 


XVIII, — The  Nephrostomes  op  Rana.     By  Oliveb  C.  Far- 

RINGTON. 

In  the  Urodela,  as  is  well  known,  nephrostomes  are  always  present, 
serving  as  a  means  of  free  communication  between  the  body  cavity 
and  uriniferous  tubules.  According  to  Hoffman,*  both  Spengel  and 
Meyer,  whose  elaborate  investigations  independently  made,  first  gave 
us  accurate  knowledge  of  the  structure  and  office  of  the  nephrostomes 
of  Urodela,  state  that  these  organs  exist  also  in  the  Anura,  but  they 
were  unable  to  determine  with  certainty  the  point  of  connection 
between  them  and  the  tubules.  The  nephrostomes  appear,  according 
to  these  authors,  on  the  ventral  surface  of  the  kidney,  where  this  is 
covered  by  the  peritoneum.  Their  number  varies  in  different  genera, 
but  in  Rana  there  are  from  200  to  250.  In  most  genera  they  open 
directly  inward,  but  in  some  they  take  a  short  horizontal  course  on 
the  surface  before  entering  the  kidney.  As  before  stated,  their  point 
of  junction  with  the  tubule  is  difficult  to  establish  with  certainty,  but 
according  to  the  view  of  Spengel  they  unite  with  the  fourth  section 
of  the  tubule  rather  than  with  the  first  section  or  neck  as  in  Urodela. 
Nu^baum  also  investigated  this  question  and  his  first  resultsf  con- 
firmed Spengel's  views.  Later  investigations, J  however,  led  him  to 
the  belief  that  although  during  the  tadpole  stage  the  nephrostomes 
connect  with  the  neck  of  the  tubule,  as  development  proceeds  they 
are  forced  away  from  it  and  open,  in  the  adult  frog,  into  the  branches 
of  the  renal-portal  vein.  Haslam,§  the  most  recent  writer  on  the 
subject,  controverts  all  the  previous  views,  stating  that  neither  in 
microscopic  sections  or  teased  preparations  has  he  been  able  to  find 
any  trace  of  such  organs.  The  conclusions  which  he  draws  from 
various  experiments  on  the  frog  are  as  follows  :  "  If  the  peritoneal 
funnels  exist  in  the  adult  frog,  (1)  they  are  very  difficult  to  find  ; 
(2)  they  do  not  form  a  free  communicating  path  between  any  part 
of  the  uriniferous  tubules  and  the  abdominal  cavity  ;  (3)  their  super- 
ficial terminations  have  no  free  cilia."  Ileidenhain,  according  to 
this  author,  was  also  unable  to  find  these  organs. 

♦  Bronn*8  Klassen  und  Ordnungen  des  Thier-reichs,  vol.  vi,  p.  461. 

f  Sitzungsb.  d.  Niedeirheinischen  GreseU.  in  Bonn,  1877,  p.  122. 

t  ZooL  Anzeiger,  1880,  No.  67,  p.  614. 

§  Ecker'B  Anatomy  of  the  Frog.    Translated  by  Geo.  Haslam,  1889,  p.  336. 
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The  subject  is  one  of  interest,  since  it  is  desirable  that  we  should 
know  at  what  point  in  the  ascending  scale  of  animal  life  these  organs, 
which  probably  exist  in  all  vertebrates  as  an  embryonic  feature,  cease 
to  characterize  the  adult  forms. 

In  the  hope  that  the  recent  improved  methods  of  section  cutting 
and  reconstruction  might  throw  additional  light  on  the  question,  the 
work  which  is  described  in  the  following  pages  has  been  done  by  the 
writer. 

In  carrying  on  this  work,  all  the  experiments  which  were  made  on 
the  frog  were  duplicated  by  similar  ones  on  the  newt,  and  the  same 
is  true  of  all  the  preparations  made  for  section  cutting.  This  was 
done  in  order  to  compare  directly  results  obtained  in  a  species 
where  the  nephrostomes  are  known  to  exist,  with  those  given  by  the 
frog. 

Two  species  of  Rana  were  used,  liana  CcUesbiana  and  Rana 
vireacenSy  but  no  dissimilar  results  due  to  difference  of  species  were 
noted.  Of  the  newt,  the  species  used  was  the  conmion  IHemyctylus 
virescens. 

The  investigation  has  led  to  the  following  conclusions  : 

I.  Microscopic  sections  of  the  frog's  kidney  often  show,  passing 
inward  from  the  ventral  surface,  small  tubes  which  are  to  be  regarded 
as  nephrostomes. 

II.  These  tubes  have  free,  active  cilia. 

III.  Strong,  if  not  conclusive  evidence  exists  to  show  that  these 
open  into  the  blood  capillaries  of  the  kidney. 

I.  Fig.  1  shows  a  section  of  the  newt's  kidney  with  nephrostomes 
appearing  at  various  points  indicated  by  the  letter  n. 

At  the  surface  these  have  a  diameter  of  about  -04"™,  then  passing 
inward  show  a  slight  funnel-like  enlargement  to  about  '06"".  For 
this  part  of  its  course  the  tube  is  seen  to  be  made  up  of  a  ciliated 
epithelium,  the  cells  of  which  are  narrow,  elongated,  somewhat  fusi- 
form, and  have  indistinct  nuclei.  Two  of  these  funnels  are  seen 
uniting  in  a  common  tube,  in  fig.  1,  an  arrangement  stated  by  Spengel 
to  be  quite  common.  For  the  rest  of  its  course  the  tube,  having  a 
diameter  of  about  -024""°,  loses  its  distinctive  epithelium  and  its 
walls  are  thin  and  structureless  till  it  opens  into  the  uriniferous 
tu|;)ule  (n.  t,  fig.  1).  Figs.  2,  3  and  4  show  sections  of  the  kidney  of 
the  frog  prepared  similarly  to  those  of  the  newt.  As  will  be  seen, 
these  show  openings  or  cavities  on  the  ventral  surface,  about  -OSS"" 
in  diameter,  lined  with  a  distinctive  epithelium  and  resembling  in 
every  respect  those  just  noted  in  the  newt.     The  distance  to  which 
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they  can  be  traced  inward  depends  on  the  favorableness  of  the  sec- 
tion. The  one  shown  in  fig.  3  extends  inward  for  a  distance  of  -16"". 
By  tracing  the  openings  onward  through  successive  sections  we  find 
them  passing  into  a  tube  of  an  average  diameter  of  •06'"",  which  con? 
tinues  its  course  near  the  ventral  surface  of  the  kidney  (n.  t.  fig.  2). 
The  tube  finally  loses  its  distinctive  structure  and  opens  probably 
into  the  capillaries  flowing  toward  the  vena  cava  inferior.  This  inner 
termination,  however,  it  was  found  impossible  to  trace  with  certainty, 
though  it  was  sought  for  with  the  greatest  care  through  a  large 
namber  of  sections.  The  opening  at  the  point  of  junction  is  undoubt- 
edly extremely  small,  so  that  the  chances  of  finding  a  section  in 
which  it  could  be  traced  with  certainty  would  be  few  indeed.  The 
nature  of  the  epithelium  lining  the  nephrostome  is  shown  in  fig.  3. 
It  is  seen  to  be  made  up  of  large  cuboidal  cells  having  well  defined 
nuclei  and  resembling  in  size  and  shape  the  cells  of  the  uriniferous 
tubules,  though  they  lack  the  striations  which  usually  characterize 
these.  At  the  opening  on  the  surface  the  cells  become  flattened  and 
smaller  and  the  cell  outline  is  less  distinct. 

The  nephrostomes  of  tadpoles  were  found  to  possess  a  similar  epi- 
thelium, but  in  the  tadpoles  the  cells  are  more  nearly  like  those  of 
the  uriniferous  tubules  than  in  the  adult  frog. 

The  method  of  preparation  of  these  kidneys  and  of  those  of  the 
frog  was  to  preserve  in  MOller's  fluid  24  hrs.,  transfer  to  95  per  cent, 
alcohol  and  stain  with  haematoxylin. 

II.  The  cilia  appear  so  plainly  in  sections  that  there  can  be  no 
doubt  of  their  presence.  Further  evidence  of  ciliary  action  was 
obtained,  however,  by  adoption  of  the  method  proposed  by  Nuss- 
baum  (1.  c),  which  he  describes  as  follows  :  "  Chloroform  the  animal 
until  respiration  has  ceased.  Inject  in  the  body  cavity  0*5  per  cent, 
salt  solution  containing  powdered  carmine.  Close  the  body  wall. 
Immerse  the  animal  for  3  hrs.  in  Muller's  fluid  and  after  12-24  hrs. 
transfer  the  kidney  to  alcohol." 

As  Nussbaum  states,  thm  sections  of  the  kidney  will  then  show  the 
carmine  distributed  through  the  funnels  and  tubes,  thus  giving  posi- 
tive evidence  that  its  fine  particles  have  been  carried  inward  by  ciliary 
action.  Such  a  section  is  shown  in  fig.  2.  Ilaslam  states  (1.  c.)  that 
having  placed  properly  dissected  frogs  in  0*6  per  cent,  sodium  chloride 
solution  in  which  finely  divided  gamboge  was  suspended,  no  trace 
of  ciliary  action  was  in  any  case  found  on  either  surface  of  the 
kidney.  In  what  way  it  was  anticipated  that  the  ciliary  action 
would  show  itself  is  not  stated,  but  it  is  doubtful  if  the  cilia  of 
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openings  so  minute  could  produce  currents  or  accumulations  of  par- 
ticles large  enough  to  be  seen  from  the  surface.  Appl3dng  the 
experiment  of  Nussbaum,  however,  at  seven  different  times  to  both 
male  and  female  frogs  of  various  sizes,  the  evidences  of  ciliary  action 
previously  described  were  observed  in  every  case. 

m.  Our  belief  that  the  nephrostomes  in  the  frog  open  into  the 
blood  capillaries  of  the  kidney,  rests  mainly  on  the  fact  that  sections 
prepared  after  Nussbaum's  method  show  that  the  carmine  is  present 
not  only  in  the  nephrostomes,  but  in  the  blood  capillaries  and  large 
veins  which  are  near  the  ventral  surface  of  the  kidney.  This  is  show^n 
in  both  figs.  2  and  4.  Applying  the  method  of  Nussbaum  to  the  newt, 
we  find  the  carmine  invariably  in  the  uriniferous  tubules  and  not  in  any 
other  part  of  the  kidney.  In  the  frog,  however,  the  carmine  is  not 
found  in  the  tubules  at  all  but  only  in  the  blood  vessels.  This  makes 
the  evidence  almost  conclusive  that  the  nephrostomes  open  into  the 
tubules  in  the  one  case  and  into  the  blood  vessels  in  the  other.  We 
need,  however,  to  trace  the  tube  directly  to  its  termination  before  we 
can  assert  positively  its  connection,  since  it  may  be  possible  that  the 
carmine  could  make  its  way  into  the  circulation  by  some  other  course. 
Nussbaum  states  that  by  sections  cut  in  glycerine  he  was  able  to  fol- 
low directly  the  course  of  the  carmine  from  the  nephrostome  into  the 
blood  vessel.  It  is  very  doubtful,  however,  if  the  evidence  from 
such  sections  could  be  relied  upon,  since  the  writer  found  that  unless 
some  fixative  for  the  carmine  was  used  the  particles  were  scattered 
by  the  knife  through  every  part  of  the  kidney.  To  overcome  this 
difliculty  use  was  made  of  a  method  for  imbedding  proposed  by  Prof. 
S.  I.  Smith.  The  kidney  was  imbedded  in  celloidin,  but  instead  of 
trying  to  make  sections  of  this  block  by  the  usual  method  of  cutting 
under  alcohol,  the  block  was  reimbedded  in  parafiine.  From  this 
block,  then,  sections  could  be  cut  as  usual  with  parafiine,  and  the 
celloidin  held  all  particles  so  firmly  in  place  that  there  could  be  no 
doubt  that  the  place  of  the  carmine  in  any  part  was  that  it  had  natu- 
rally reached.  From  fig.  4,  which  represents  a  section  prepared 
after  this  method,  it  will  be  seen  that  the  carmine  appears  only  in 
those  blood  vessels  near  the  ventral  surface.  This  was  invariably 
true,  and  hence  the  conclusion  that  the  nephrostomes  open  into  the 
capillaries  flowing  into  the  vena  cava.  This  fact,  moreover,  makes 
it  quite  unlikely  that  the  carmine  could  have  entered  the  circulation 
in  any  other  way  than  through  the  nephrostomes,  for  it  would  then 
be  equally  distributed  through  the  blood  vessels  of  the  kidney.  To 
test  this  point  further,  the  vena  cava  inferior  of  a  live  frog  was  tied 
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just  above  the  kidney  before  injection  of  the  carmine.  It  was  hoped 
thus  to  determine  whether  the  carmine  would  enter  the  circulation 
through  other  vessels,  if  it  were  not  supplied  by  the  kidneys.  Upon 
examination  the  particles  were  found  to  have  entered  the  nephro- 
stomes  only  a  little  way,  and  were  not  present  in  any  of  the  blood 
vessels  ;  but,  as  the  stopping  of  the  circulation  caused  the  animal  to 
die  very  quickly,  the  test  was  not  regarded  decisive. 

It  seems  probable  that  if  the  nephrostomes  connect  with  the  blood 
vessels  they  would  be  reached  by  injections  of  the  latter.  As  no 
mention  is  made  by  other  writers  of  experiments  of  this  kind,  except 
that  of  the  injection  of  the  ureters  by  Haslam,  this  point  was  care- 
fully tested.  The  first  injection  was  made  through  the  vena  cava 
inferior,  the  anterior  abdominal  being  also  opened.  This  showed 
only  the  blood  vessels  to  be  injected  and  no  passage  of  the  fluid  into 
any  of  the  nephrostome  tubes.  The  second  injection  was  made  in 
the  same  way  except  that  the  renal-portal  of  one  side  was  tied  so 
that  if  any  extra  pressure  were  needed  to  force  the  fluid  into  the  tubes 
it  might  be  thus  supplied.  The  results  were,  however,  like  those  of 
the  first  injection.  The  third  injection  was  made  through  the  renal- 
portal  of  a  very  large  frog  with  the  anterior  abdominal  opened.  By 
this  means  the  nephrostomes  were  successfully  injected,  the  fluid  show- 
ing plainly  in  the  tubes  and  funnels  and  even  coming  to  the  surface, 
though  it  did  not  flow  out  to  any  extent.  This  result  seems  to  place 
the  connection  of  the  nephrostomes  with  the  blood  vessels  almost  be- 
yond question.  On  seeking,  however,  to  trace  the  direct  opening  of  the 
nephrostome  tube  into  a  blood  vessel  by  means  of  sections,  it  was  found 
as  before  impossible  to  do  so  with  absolute  certainty,  though  the  con- 
nection was  in  many  cases  very  close.  Since  the  nephrostomes  prob- 
ably serve  as  lymph  vessels,  the  openings  into  the  capillaries  must  be 
small  enough  to  prevent  the  passage  of  the  blood  corpuscles  into  them, 
so  that,  as  before  stated,  the  chances  of  tracing  them  with  certainty 
are  few  indeed.  The  experiments  seem  to  teach  that  the  passages 
inward  from  the  nephrostomes  can  be  reached  by  a  current  going 
toward  the  vena  cava  but  are  closed  to  one  coming  from  it.  This  is 
difficult  to  explain  if  true,  but  needs  further  proof.  The  remarkable 
change  of  function  which  the  nephrostomes  seem  to  undergo,  from 
service  as  excretory  organs  to  that  of  lymph  vessels,  gives  rise,  also, 
to  physiological  questions  of  much  interest.  It  is  not,  however,  the 
purpose  of  this  paper  to  discuss  these,  since  they  call  for  much  fur- 
ther investigation.  It  is  the  hope  of  the  author  that  others  may 
study  these  points  and  bring  new  facts  to  light. 
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A  few  points  may  be  mentioned  regarding  the  macroscopic  appear- 
ance of  the  nephrostomes.  The  writer  found  they  could  be  seen 
plainly  from  the  surface  by  staining  the  kidney  in  0*5  per  cent,  silver 
nitrate  solution  from  3  to  5  minutes.  By  this  treatment  the  nephro- 
stomes are  made  to  appear  like  minute  craters  scattered  over  the  sur- 
face. As  noted  by  Hoffman,  they  are  most  abundant  in  the  region 
medianward  from  the  adrenal  gland  and  are  especially  numerous  near 
the  large  branches  of  the  vena  cava.  Fig.  5  is  an  attempt  to  repre- 
sent their  distribution  and  appearance,  though  it  is  difficult  to  do  this 
by  a  drawing.  The  nephrostomes  are  represented  by  dots  and  the 
little  circles  indicate  lighter  spots  on  the  surface  which  are  often 
mistaken  for  their  openings  but  are  in  reality  produced  by  the 
Malpighian  capsules  showing  through.  The  largest  number  of 
nephrostome  openings  counted  on  any  one  kidney  was  150. 

In  conclusion  the  writer  wishes  to  acknowledge  his  indebtedness 
to  Prof.  S.  I.  Smith,  at  whose  suggestion  the  investigation  was  under- 
taken and  whose  valuable  advice  and  assistance  have  been  freely 
rendered  during  the  work. 

Sheffield  Biological  Laboratory,  June,  1891. 


EXPLANATION  OF  PLATE  XXIV. 

Fig.  1.     Dorso-ventral  section  of  kidney  of  Diemyciylus  virescetis.    9/i  in  thickness. 

Fig.  2.  Ventral  portion  of  dorso-ventral  section  of  kidney  of  Bana  Catethiana,  9fi 
in  thickness. 

Fig.  3.    Similar  section  showing  single  nephrostome.     6/i  in  thickness. 

Fig.  4.  Similar  section  entire,  showing  the  distribution  of  the  carmine  in  the  blood 
vessels. 

Fig.  5.     Right  kidney  of  Rana  Catesbiana^  female.    Ventral  view. 

a.  artery;  h.  v,  blood  vessel;  c.  carmine;  M.  Malpighian  capsule;  n.  nephrostome; 
n.  t  nephrostome  tube ;  u.  t.  uriniferous  tubule ;  v.  i.  large  vein  leading 
to  vena  cava.  The  ventral  surface  in  the  figures  is  to  the  left,  dorsal  to 
the  right.    The  carmine  where  not  lettered  is  represented  by  black  dots. 


XIX. — Notes  on  thb  Fauna  op  the  Island  op  Dominica, 
Bbitish  West  Indies,  with  Lists  op  the  Species  obtained 
AND  observed  BY  G.  E.  AND  A.  H.  Verkill.  By  G.  E. 
Vebrill, 

The  following  collections  were  obtained  by  my  brother  and  my- 
self daring  March,  April,  and  May,  1890,  on  the  Island  of  Dominica, 
one  of  the  Lesser  Antilles,  situated  in  Lat.  15°  18'  to  15®  45'  N.  and 
Long.  61°  W  to  61°  30'  W. 

This  island  lies  approximately  north  and  south,  is  of  volcanic 
origin,  rising  abruptly  from  the  sea,  and  is  about  29  miles  long  by 
17  wide,  the  whole  containing  about  290  square  miles.  Generally 
speaking  it  is  composed  of  a  high  central  ridge  or  crest  running 
lengthwise,  the  crest  itself  being  made  up  of  a  number  of  peaks,  the 
highest  attaining  an  altitude  of  about  5300  feet. 

From  this  central  crest  it  slopes  down  to  the  east  and  west  in  a 
succession  of  lower  peaks  and  ridges  with  deep  valleys  and  ravines 
between,  many  of  which  contain  rapid  mountain  streams.  Close  to 
the  coast  these  valleys  widen,  frequently  to  quite  an  extent,  giving 
chance  for  sugar  plantations,  etc.  This  is  particularly  the  case  on 
the  western,  or  leeward  side,  where  the  slope  is  much  less  than  on 
the  windward,  or  Atlantic  side,  so  that  it  is  possible  to  cultivate  the 
ground  well  up  on  the  mountains  on  the  former  side. 

The  vegetation  of  the  island  is  of  the  most  luxuriant  type,  cover- 
ing the  mountains  to  their  tops  and  consisting  of  a  very  great  variety 
of  trees,  palms,  tree-ferns,  shrubs,  vines,  etc.  The  tree-ferns  are 
very  abundant  and  often  twenty  feet  or  more  high.  Many  of  the 
trees  reach  a  great  height,  while  the  smaller  ones  with  the  various 
vines  and  lianas  form  a  network  almost  impassable  unless  a  person  is 
armed  with  a  "  cutlass  "  or  "  machete  "  almost  invariably  carried  by 
the  natives  to  cut  their  way. 

The  temperature  along  the  coast  averages  about  85°  F.  most  of 
the  time,  but  back  in  the  interior,  among  the  mountains,  it  is  much 
cooler  ;  so  cool,  in  fact,  that  at  night  one  needs  a  pair  of  good  heavy 
blankets.  The  climate  is  also  very  damp,  especially  up  in  the 
mountains  where,  even  during  the  dryest  portion  of  the  year,  there 
is  a  succession  of  short,  sharp  showers  every  day,  each  followed  by 
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bright  sunshine.  In  fact  it  not  unf reqaently  rains  from  a  cloudless 
sky,  so  that  one  is  no  sooner  dry  from  one  shower  than  he  is  pretty 
sure  to  be  drenched  by  another. 

This  island  appears  to  have  been  but  very  little  visited  by  col- 
lectors. So  far  as  I  am  aware  but  one  collection  of  any  size,  that  of 
Mr.  Fred.  A.  Ober,  made  in  1877  for  the  Smithsonian  Institution, 
has  previously  been  sent  to  this  country  (cf.  Proc.  U.  S.  Nat.  Mus., 
vol.  i,  p.  48.).  To  this  Dr.  H.  A.  A.  Nicholls  subsequently  made  some 
additions  (ib.  vol.  iii,  p.  254).  Another  collection  was,  however, 
made  there  in  1887  and  1888  by  Mr.  Geo.  A.  Ramage,  the  naturalist 
employed  by  the  joint  committee  of  the  Royal  Society  and  British 
Association  for  investigation  of  the  fauna  and  flora  of  the  Lesser 
Antilles  ;  and  in  1 863  Rev.  E.  C.  Taylor  spent  two  weeks  in  Dominica 
making  a  small  collection  (cf.  Ibis,  vol.  vi,  p.  157). 

The  island  itself  presents  many  difficulties  to  a  collector;  for,  aside 
from  its  being  very  mountainous  and  heavily  wooded,  as  mentioned 
above,  there  are  no  means  of  transportation  for  baggage,  etc.,  except 
on  the  heads  of  natives;  while  the  collector  himself  must  depend  upon 
his  own  legs  or  one  of  the  small,  and  not  too  lively,  native  ponies,  there 
being  but  two  carriages  on  the  island  and  their  use  being  restricted 
to  the  immediate  vicinity  of  the  towns  and  along  the  coast  for  a  few 
miles,  as  there  are  no  carriage  roads  whatever  in  the  interior,  or 
crossing  the  island,  and  in  many  places  even  the  trails  are  very  poor. 

Our  collections  were,  for  the  most  part,  made  from  four  camps, 
as  follows  :  at  Landat,  a  little  hamlet  at  an  elevation  of  about  1600 
feet,  at  the  head  of  the  Roseau  Valley,  and  aboiit  ten  miles  from 
Roseau,  the  principal  town  on  the  island ;  at  Spring  Hill,  situated 
-on  the  side  of  the  same  valley  at  about  the  same  ele\ation  as  Laudat, 
or  a  little  less,  and  distant  about  three  miles  from  the  latter  place ; 
at  Bass-en-villc,  situated  on  a  high  plateau  in  the  interior  of  the  island, 
about  half  way  across,  and  at  an  elevation  of  about  2000  feet ;  and 
at  Lasswa,  situated  on  the  eastern  or  windward  side  of  the  island. 

We  found  the  inhabitants  uniformly  kind,  courteous,  and  anxious 
to  help  us  in  every  way.  Our  thanks  are  especially  due  to  the  Gov- 
ernor of  the  Leeward  Islands,  and  to  the  President  and  Members  of 
the  Council  of  Dominica  for  their  kindness  in  giving  us  permission 
to  collect  there,  placing  at  our  disposal  the  house  for  the  Government 
engineers  at  Bass-en-ville,  and  for  courtesy  in  many  ways.  We  are 
no  less  indebted  to  the  following  named  gentlemen  residing  on  the 
island  : — to  Mr.  James,  the  Inspector  of  Police,  for  valuable  aid  in 
many  ways  ;  to  Dr.  H.  A.  A.  Nicholls,  well  known  by  his  contribu- 
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tions  to  science  from  the  fauna  and  flora  of  this  island,  for  aiding  us 
by  his  own  knowledge  of  the  birds,  the  best  collecting  grounds,  and 
much  general  information  and  help  ;  to  the  Bishop  of  the  Roman 
Catholic  Church  and  his  priests  for  their  hospitality  and  aid,  espe- 
cially in  allowing  us  to  enter  the  churches  in  search  of  some  species 
of  bats  and  the  owl  {A.flammea  nigrescefis  Lawr.)  ;  to  Mr.  A.  Davis 
Reviere  and  his  brother  Emory  Reviere,  of  Clark  Hall,  for  their  great 
kindness  and  hospitality  while  we  were  in  the  Layou  Valley  ;  to  Mr. 
Hennessey  Dupigny,  who  accompanied  us  part  of  the  time,  and  to 
whose  consummate  woodcraft  and  knowledge  of  the  habits  of  the 
birds  we  are  in  a  large  measure  indebted  for  our  success  and  for 
many  valuable  specimens,  which  we  should  otherwise  have  been 
anable  to  procure  ;  and  to  Mr.  Arthur  Ogilvy,  Mr.  A.  Frampton,  and 
Mr.  Wm.  Gellion,  for  many  acts  of  kindness  and  aid.  In  addition 
to  these  above  named  gentlemen  many  others  gave  us  much  valuable 
assistance  and  all  endeavored  to  make  our  stay  there  as  pleasant  and 
profitable  as  possible. 

For  the  working  up  and  identification  of  the  collections  we  are 
indebted  to  the  following  gentlemen  : — to  Mr.  J.  A.  Allen  of  the 
Am.  Mus.  of  Nat.  Hist,  for  the  identification  of  the  birds  and  mam- 
mals, for  certain  notes  on  the  same  which  appear  in  the  following 
list,  and  for  valuable  advice  on  the  nomenclature  used  therein  ;  to 
Prof.  K  D.  Cope  for  the  identification  of  the  Reptiles  and  Batrach- 
ians,  and  for  notes  on  the  same  ;  to  Mr.  Sanderson  Smith  of  the  Am. 
Mus.  of  Nat.  Hist,  for  the  identification  of  part  of  the  Mollusca  ; 
and  to  Prof.  S.  I.  Smith  of  Yale  Univ.  for  the  identification  of  the 
Crustacea. 

Notes  on  the  Mammals, 

The  mammals  of  Dominica  are  very  few  indeed,  those  indigenous 
being  mainly  bats,  of  which  there  are  several  species  that  are  quite 
common,  but  rather  difficult  to  procure  owing  to  their  nocturnal 
habits.  We  procured  but  one,  which  Mr.  Allen  examined  and  says 
is  probably  Vespertilio  nigricans^  at  least  it  so  nearly  resembles  it 
that  he  cannot  see  wherein  it  differs  without  having  more  material. 

These  small  bats,  of  this  species  or  very  closely  resembling  it, 
were  very  common  about  Bass-en-ville  in  the  evening,  but  though  I 
shot  several  I  lost  all  but  this  one  among  the  high  grass  and  bushes, 
the  light  being  very  dim  when  they  appeared,  and  in  the  morning 
we  could  never  find  any  trace  of  them,  they  probably  having  been 
eaten  or  carried  off  by  the  crabs  (P.  dentata)  which  were  always  on 
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the  watch  for  anything  in  the  nature  of  meat  that  we  might  throw 
out.  Besides  these  small  bats  we  several  times  observed  moch  larger 
ones  of  one  or  more  species  which  I  suppose  were  some  kind  of 
fruit  bats,  but  we  were  unable  to  procure  any,  as  we  never  saw  thm 
except  when  it  was  quite  dark,  too  dark  to  shoot  with  any  accuracy 
at  an  object  moving  so  swiftly  and  seen  for  so  short  a  time  as  they 
were  when  suddenly  darting  across  the  narrow  trail  bordered  by 
thick  woods  on  each  side.  These  large  bats  were  seen  almotA  ex- 
clusively at  a  shoit  distance  from  the  coast,  and  I  think  they  are 
confined  to  the  less  elevated  portions  of  the  island. 

Besides  the  bats,  there  are  found  here  a  species  of  agouti  and  ao 
opossum,  or  opossum-like  animal,  called  "  Manacou  *'  by  the  natives, 
the  latter  having  been  introduced,  but  both  are  now  quite  common, 
and  the  agouti  forms  quite  an  article  of  diet  among  the  nativet 
The  common  rats  and  mice  are  exceedingly  abundant,  but  we  saw  no 
native  ones  at  all. 


List  of  Birds  obtamed  and  observed^  toith  Notts  on  their  HobiU, 

NestSy  and  Eggs, 

Plates  xxv,  xxvi,  xxvil 

The  following  notes  on  the  habits  are  from  the  combined  obsenra- 
tions  of  my  brother,  A.  H.  Verrill,  and  myself.  The  descriptioDs  of 
the  nests  and  eggs  themselves,  unless  otherwise  stated,  I  have  made 
from  the  specimens  actually  obtained  by  my  brother  and  now  in  the 
Peabody  Museum,  but  the  notes  on  the  nesting  habits,  etc.,  are 
mainly  by  him.* 

Unless  otherwise  stated  the  measurements  given  were  made  from 
the  fresh  specimens  at  the  time  of  collection,  and  are  given  in  incb« 
in  the  following  order :  length,  wing,  tail,  extent.  In  some  casei, 
where  they  may  be  useful  for  comparison,  I  have  added  meaww^ 
ments  of  the  bill  (exposed  culmen  unless  otherwise  stated),  and  tarsus 
both  made  from  the  skins.  The  measurements  of  the  e^^  are  in 
decimals  of  an  inch.  In  most  cases  I  have  given  the  measurement! 
of  several  specimens  to  show  the  variation. 

The  sex  was  carefully  determined  in  all  cases  by  dissection,  and  hi 
one  or  two  cases  the  previous  conclusions  with  regard  to  the  plnroag* 
of  the  adult  female  are  shown  to  have  been  erroneous. 

*  As  I  did  not  arrive  in  Dominica  until  the  latter  part  of  April,  when  the  bpet4iE| 
season  was  nearly  over,  we  took  few  nesta  after  my  arrival. 
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The  identification,  as  previously  stated,  was  by  Mr.  J.  A.  Allen, 
whose  authority  is  too  well  known  to  admit  of  any  doubt,  even  had 
he  not  been  aided  by  many  of  Mr.  Ober's  type-specimens. 

The  list  probably  comprises  very  nearly  all  of  the  land  birds,  but 
comparatively  few  of  the  aquatic  species,  as  our  time  was  too  limited 
to  warrant  spending  it  on  these  latter,  which  are,  for  the  most  part, 
much  more  widely  distributed  and  better  known. 

It  is  a  rather  striking  fact  that  nearly  all  of  these  islands  have  a 
number  of  species  of  Passerine  Birds  peculiar  to  each,  though  repre- 
sented in  the  adjacent  ones  by  closely  allied  species.  The  entire 
absence  of  woodpeckers  on  this  island,  covered  with  trees,  is  another 
peculiarity.  In  a  few  cases  we  have  added  species  not  previously 
known  in  Dominica  to  the  fauna  of  this  island,  and  in  several  cases 
have  taken  species  seen,  but  not  identified,  by  Mr,  Ober. 

The  vernacular  names,  given  in  this  and  the  following  lists,  are 
those  used  by  the  natives  and  are  commonly  in  the  French  patois  of 
the  island.  When  the  native  name  was  evidently  derived  from  the 
French,  yet  differs  materially  from  it,  I  have  given  the  patois  pro- 
DunciatioD,  expressed  as  well  as  possible  by  English  spelling,  with 
the  original  French  word  and  English  equivalent  in  parentheses.  In 
many  cases  it  has  been  impossible  to  even  guess  at  the  original  from 
which  the  native  word  has  come,  and  in  other  cases  it  has  undoubt- 
edly been  derived  from  the  Caribs,  a  number  of  whom  still  inhabit 
the  island  ;  but,  as  both  the  Patois  and  Carib  languages  are  wholly 
spoken  ones,  I  have  only  been  able  to  preserve  the  sound,  as  nearly 
as  possible,  by  phonetic  spelling.  The  following  abbreviations  are 
used  :  Fr.  =  French,  Pat.  =  Patois,  Ca.  =  Carib,  Eng.  =  English. 

It  is  a  rather  peculiar  fact  that  the  natives  know  nearly  all  the 
birds  and  distinguish  even  closely  allied  species  by  different  names. 
They  also  know  and  readily  recognize  them  by  their  notes  and  are 
generally  able  to  identify  the  nests  and  eggs. 

The  arrangement  used  is  that  adopted  by  the  Amer.  Ornith.  Union. 

Order,  LONGIPENNES, 
Family,  Labid^. 
1.    Sterna  filliginosa  Gmel.    *"Twar-oo"(Pat.). 

A  number  of  terns,  probably  of  this  species,  were  seen  at  different 
times  flying  about  the  harbor  at  Roseau.  Several  other  species  of 
terns  were  also  seen  but  not  near  enough  to  identify  with  any 
certainty.  No  specimens  of  these,  and  many  other  marine  birds 
were  obtained,  owing  to  lack  of  time,  as  has  been  previously  stated. 
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Order,  TUBINARES. 
Family,  Pkocbllabiid^. 
Much  has  been  said  aud  many  stories  are  told  of  the  so-called 
"  Diablotin,"  which  the  inhabitants  of  this  island  say  used  to  make 
its  burrows  and  nests  on  the  mountain  which  is  called  Mt.  Diablotin, 
the  highest  peak  in  Dominica.  All  agree,  however,  that  none  have 
been  seen  there  for  a  long  time,  twenty  years  or  more,  so  that  it  is 
very  difficult  to  get  a  good  description  of  what  this  bird  was  like. 
However,  the  Bishop  of  the  Roman  Catholic  Church  kindly  showed 
ray  brother  an  old  book  in  his  possession  which  contained  a  picture 
that  showed  the  "  Diablotin  "  to  have  been  some  sort  of  a  petrel,  but 
to  what  genus  or  species  it  belonged  it  was  impossible  to  tell.  Fur- 
ther than  this  we  could  learn  nothing  of  importance  concerning  it. 
Very  likely  it  was  the  same  as  the  "  Diablotin  "  of  Guadeloupe,  (cf. 
Auk.  viii,  p.  61). 

Order,  STEaANOPODES. 
Family,  Phabthontid^. 

2.    Phaethon  flavirostris  Brandt. 

Common.  Breeds  in  the  cliffs  along  the  coast  on  the  leeward  side 
of  the  island.  Though  no  specimens  were  taken  there  is  no  doubt 
of  the  identity  of  this  bird  as  they  could  be  closely  observed. 

Mr.  Ober  took  this  species  in   the  same  localities  where  it  was 

observed  by  us. 

Family,  Pelecanid^. 

8.    Pelecanus  fascus  Lion. 

Abundant  all  through  the  West  Indies.     Several  seen  about  the 

island. 

Family,  FREGATiDiB. 

4.    Fregata  aquila  (Linn.). 

Seen  several  times  flying  over,  high  in  the  air. 

Order,  ANSERES. 
Family,  Anatid^. 
According  to  the  natives,  ducks  of  one  or  more  kinds  are  sometimes 
seen,  in  the  fall,  in  the  Mountain  Lake  and  fresh  water  streams,.   We 
ourselves  saw  none  at  all. 
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Order,  HERODIONES. 
Family,  Ardeid^. 

5.  Ardea  herodias  Linn.     "Crabier  noir,"  Pat.  and  Fr.  (Black  Crab-eater). 

"  Black  Crabier,"  Pat     "  Black  Gaulin,"  Pat 

This  bird  was  described  to  us  under  the  above  Patois  Dames  by 
Mr.  Hennessy  Dupigny  and  others,  and  one  or  two  were  seen  in  the 
river  at  Bass-en-ville,  but  no  specimens  were  obtained. 

Though  not  observed  by  Mr.  Ober  in  Dominica  or  Guadeloupe,  he 
took  it  in  nearly,  if  not  all,  the  other  islands  visited  by  him,  and  Dr. 
L'Herminier  records  it  from  both  Guadeloupe  and  Martinique  in  a 
"  Catalogue  des  oiseaux  observes  h  la  Guadeloupe  par  le  Docteur  F. 
L'Herminier,  de  1827  k  1844,"  given  by  Mr.  Lawrence  in  connection 
with  Mr.  Ober's  list  (Proc.  U.  S.  Nat.  Mus.,  vol.  i,  1878,  p.  450). 

A  smaller  "  Black  Crabier,"  which  was  described  as  being  found 
in  Dominica  by  several  of  the  inhabitants,  is  probably  A.  ecervlea^ 
taken  there  by  Mr.  Ober. 

6.  Ardea  egretta  Gmel.    "  Aigrette,"  Pat  and  Fr.  (Egret).     "  White  Gaulin," 

Pat 

Not  particularly  rare  along  the  rivers,  especially  the  Layou 
River.  Seen  several  times  in  the  neighborhood  of  Bass-en-ville. 
Though  several  were  observed  no  specimens  were  secured,  partly 
owing  to  the  shyness  of  the  birds  themselves  and  partly  to  our  own 
lack  of  time,  but  I  am  very  sure  of  the  identity,  as  I  am  familiar 
with  the  above  species,  having  seen  and  shot  it  many  times  in 
Florida.  This  bird  was  not  observed  by  Mr.  Ober  among  the  Lesser 
Antilles  at  all,  though  "a  large  White  Heron "  was  described  to  him 
as  visiting  Barbuda,  but  Dr.  L'Herminier  records  it  from  both 
Guadeloupe  and  Martinique. 

As  with  the  last  species,  the  natives  also  described  another 
"  White  Gaulin,"  smaller  than  this  one,  which  is  probably  A,  caii- 
didissimay  taken  there  by  Mr.  Ober. 

7.  Ardea  Virescens  Linn.     "  Kialee,"  Pat     "  Green  Crabier,"  Pat 
BtUorides  virescens  (Linn  );  Taylor,  Lawr.,  and  8cl.  Lists. 

Resident.  Common  along  all  the  streams.  Habits  the  same  as  in 
the  U.  S. 

Irides  yellow,  legs  and  feet  greenish  yellow.  S  18-6^23-25,  bill 
2|,  tarsus  2.     Sex  ?  (from  skin),  wing  7i,  tail  2},  bill  2^^,  tarsus  2. 
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8.  NyCtiCOrax  violaceUS  (Linn.).    "Crabier,"  Pat.  and  Fr.  (Crab-eater). 

"  Night  Gaulin,"  Pat. 
Nyctiardea  violacea  (Linn.) ;  Scl.  List. 

Common,  but  on  account  of  its  nocturnal  habits  not  very  often 
seen.  Most  of  our  specimens  were  procured  by  Mr.  Hennessey 
Dupigny  near  Shawford  in  the  Roseau  Valley. 

Iris  orange,  legs  and  feet  yellow,  bill  black.  Sexes  alike,  young 
very  different,  somewhat  resembling  the  young  of  N',  nycticorax 
noBvius.  S  26-12-4^-42,  bill  3*1,  tarsus  3'6.  In  other  specimens, 
wing  lli-llf,  bill  3-0-3-1,  tarsus  3-4-3'5. 

"Nest  built  in  the  tallest  trees.     Eggs  pale  bluish  green." — (a.  h.  v.) 

Order,  PALUDICOL^. 
Family,  Rallid^. 

9.  lonornis  martinica  (Linn.).    "  Poule  d'eau,"  Pat.  and  Ft.  (Water-hen). 
Porphyrio  martinicus  (Linn.) ;  Lawr.  List. 

A  bird  described  to  us  by  several  of  the  inhabitants'  under  the 
above  Patois  name  was  very  likely  this  species,  a  specimen  of  which 
was  shot  there  after  Mr.  Ober's  departure  but  which  was  saved  for 
him  (Proc.  U.  S.  Nat.  Mus.,  vol.  i,  1878,  p.  197).  Said  by  those  who 
described  it  to  be  rare.  Given  from  Guadeloupe  and  Martinique  by 
Dr.  L'Herminier. 

Order,   LIMICOL^. 
Family,  Scolopacid^. 

10.  Ereunetes  pusillUS  (Linn.).     "B^sse,"  Pat.  and  Fr.  (Snipe). 
Ereunetes  petrificatus  (Illig.) ;  Lawr.  List  Birds  Lesser  Antilles  (P.  U.  S.  N.  M.,  vol.  i, 

1878,  p.  488). 

A  sandpiper  seen  by  us  several  times,  but  not  procured,  was  prob- 
ably this  species.  Mr.  Ober  also  observed  a  sandpiper  here,  "  Spe- 
cies undetermined,"  which  Mr.  Lawrence  referred  to  this  species  in 
his  "  Catalogue  of  the  Birds  noted  from  the  Lesser  Antilles  by  Mr. 
Ober."  Obtained  by  Dr.  Nicholls  who  states  that  it  is  "common  at 
the  mouths  of  the  rivers  during  the  hurricane  months."  (cf.  Proc. 
XJ.  S.  Nat.  Mus.,  iii,  p.  256). 

11.  Actitis  macularia  (Litin.). 

Tringoides  macularius  (Linn.) ;  Lawr.  List 

Rather  common.  Seen  on  the  rocks  in  the  beds  of  streams  and 
along  their  shores.  No  specimens  were  taken  from  lack  of  time  but 
I  have  no  doubt  of  the  identity  of  this  bird,  so  familiar  to  every 
North  American  collector.     Also  taken  there  by  Dr.  Nicholls. 
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Order,   COLUMB^. 

Family,  Columbid^.. 

12-     Columbacorensis  Gmel.     •*  Ramier,"  Pat.  and  Fr.  (Ringdove).    "Black 
Ramier,"  Pat. 

Common  in  the  heavy  woode  in  the  interior  and  among  the  moun- 
tains. Very  arboreal.  Mr.  Ober  states  that  it  **  never  touches  the 
earth  '* ;  whether  this  be  so  or  not  we  never  observed  it  except  while 
in  the  trees  or  on  the  wing.  Feeds  on  the  fruit  and  seeds  of  certain 
treeSy  particularly  the  goramier  tree.  Being  excellent  eating  it  is 
much  hunted  for  food  during  the  open  season,  and  hence  is  very 
shy  and  hard  to  shoot.  Its  loud  cooing,  resembling  that  of  the  do- 
mestic pigeon,  but  much  louder,  may  be  heard  for  a  long  distance, 
but  even  when  one  has  carefully  followed  it  up  and  stands  beneath 
the  very  tree  where  the  bird  is,  it  is  extremely  difficult  to  actually 
see  it. 

Sexes  alike.  Iris  yellow  flecked  with  red,  skin  around  the  eyes 
orange,  legs  and  feet  dull  coral  red,  bill  red  at  the  base  and  yellow 
or  horn-color  at  the  tip.      6  16^-9-6-24  ;  16f-8^6i-26i. 

18.     Colnmba  leUCOCephala  Linn.     "White-headed  Ramier,"  Pat. 

Rare.  When  first  told  of  this  bird  by  th^  native  hunters  I  was 
inclined  to  think  they  were  mistaken,  as  I  did  not  then  know  of  its 
having  ever  been  recorded  from  this  or  any  of  the  adjacent  islands, 
but  they  were  very  positive  and  described  it  well,  but  stated  that  it 
was  very  rare  though  found  in  the  same  localities  and  in  company 
with  the  common  "Ramier."  While  at  Bass-en-ville,  however,  I, 
myself,  saw  several  specimens  on  the  wing,  the  white  head  showing 
very  plainly.  Though  in  spite  of  every  endeavor  we  were  unable 
to  procure  any.  I  do  not  think  there  is  any  doubt  about  its  identity, 
and  am  still  in  hopes  of  having  one  or  more  sent  to  me,  at  no  dis- 
tant date,  by  our  friends  in  Dominica. 

This  species  is  also  recorded  by  Dr.  L'Herminier  from  Guadeloupe 
and  Martinique,  the  islands  adjacent  to  Dominica,  and  lying  respec- 
tively north  and  south  of  it.  Mr.  Ober  records  it  from  Antigua  and 
Barbuda,  but  no  further  south. 

14.     Zenaida  martinicana  Bonap.    "Tourterelle,"  Pat.  and  Ft.  (Turtledove). 

Abundant,  but  shy  and  retiring.  Found  principally  near  the  coast, 
apparently  not  reaching  to  any  great  altitude.  Like  the  ** Ramier" 
and  **  Perdrix  "  it  is  much  hunted  as  a  game  bird  and,  like  the  latter, 
is  often  kept  in  captivity. 

TEAN&  Conn.  Acad.,  Vol.  VIII.  43  Apkil,  1892. 
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Sexes  alike.  Iris  brown,  bill  black,  legs  and  feet  red  ^  12J- 
6i-4i-20;   13-6i-4i.      $  13-6f-4f. 

15.  Columbigallina  passerina  (Linn.).     "  Ortolan,"  Pat  and  Fr.  "  Groawl 

Dove/*  Eng. 
Chamcdpelia  passerina  (Linn.) ;  Lawr.  and  Scl.  Lists. 

Abundant  along  the  edges  of  the  cane-fields  and  in  the  roadb  along 
the  coa8t,\particularly  on  the  leeward  side  of  the  island.  Not  found 
among  the  mountains.  Quite  tame  and  unsuspicious.  Many  aiv 
captured  and  sold  for  cage  birds. 

Sexes  similar.  Iris  orange,  legs  and  feet  flesh-color,  bill  brown, 
lower  mandible  lighter  at  the  base.  S  7-3:^2^;  *i-^l\-^^  <-3i--i; 
7-3^-2^.  $  7i-3i-2i-10;  7-3^-2^.  In  all  the  specimens,  exposed 
culmen  ^,  tarsus  in  6  0*67,  tarsus  in  $  0*61. 

16.  Q-eotrygOn  montana  (Linn.).      S  "Perdrix  rouge,"  *  "Perdrix  noire.' 

Pat.  and  Fr.  (Red  Partridge,  Black  Partridge.). 

Rather  common  in  heavy  woods,  particularly  near  the  streams  and 
rivers.  Found  mainly  among  the  mountains.  Like  the  "Ramier'' 
it  is  much  hunted  as  a  game  bird  and  is  consequently  shy.  The  na- 
tive name  of  "  Perdrix  "  (Partridge)  is  very  appropriate,  as  it  is  very 
terrestrial  in  its  habits,  spending  most  of  its  time  on  the  ground, 
frequently  running  instead  of  flying  to  avoid  danger,  and  m  manv 
of  its  habits  and  general  appearance  it  more  resembles  the  quails  or 
partridges  than  the  doves. 

It  is  a  very  quiet  bird,  rarely  giving  utterance  to  any  sound.  Tht 
dark  colored  (perhaps  immature),  female  is  much  l^s  frequentlT 
shot  or  seen  than  her  more  brilliantly  colored  mate.*  Of  the  geTen 
specimens  in  our  collection  only  one  is  a  female  and  dark  brown, 
while  the  six  males  are  all  in  the  red  plumage.  Like  the  last  it  b 
frequently  kept  in  captivity  as  a  cage-bird. 

tis  of  the  male  varies  from  orange  brown  to  yellow  brown  or 
ocher  yellow,  in  the  female  it  is  yellow.  Legs,  feet,  bill  and  naked 
skin  surrounding  the  eye,  pink  in  the  male  ;  darker  red  in  the  femalt 
when  in  the  brown  plumage.  6  ll^-6i-3j-19f  ;  11^-6-31-1^. 
$  11^6-3. 

"  Nest  built  on  or  near  the  ground,  geoerally  of  a  few  leaves  looeelr  put  togetber 
Eggs  slightly  tinged  with  buff,  resembling  those  of  Bonasa  umb^hu,^—{A^  tL  r.) 

*  The  adult  female  has  been  described  as  like  the  male,  and  the  dark-bfpv^ 
plumage  given  as  that  of  the  young  (Ridgway,  Man.  N.  A.  BirdsX  but  oatires  mj 
that  the  female  is  always  brown,  and  our  small  series  seems  to  bear  out  this  aiweiti*^ 
for  though  I  looked  particularly  for  a  red  female  or  a  brown  male,  I  nevw  f«»i 
either.  Mr.  Cory,  too,  describes  the  sexes  as  different  in  his  '•  Bini*  of  Uw  Wfr* 
Indies  "  (Auk,  vol.  iv,  p.  1 19). 
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17.     O^otrygon  mystacea  (Temm).      "Perdrix    keesong,"  Pat.   (probably 
from  Fr.  Perdrix  croissant.  Crescent  Partridge.). 

The  inhabitants  told  us  of  a  '*  perdrix  "  called  by  the  above  Patois 
name  and  stated  that  it  was  fonnd  in  much  the  same  localities  and 
had  habits  very  similar  to  the  former  species  but  was  much  rarer. 

Before  I  arrived  one  was  shown  to  my  brother,  by  Mr.  Hennessey 
Dupigny  I  think,  but  it  was  so  badly  shot  and  injured  that  my 
brother,  not  realizing  at  the  time  its  rarity  on  the  island,  did  not 
preserve  it.  Though  I  saw  no  specimens  myself,  I  have  no  doubt 
from  the  descriptions  of  my  brother  and  Mr.  Dupigny  that  the 
Dominican  "  Perdrix  keesong "  is  the  above  species,  recorded  from 
both  Guadeloupe  and  Martinique  by  Dr.  L'Herminier,  and  taken  on 
the  former  island  only,  by  Mr.  Ober,  and  according  to  him,  there 
called  "Perdrix  croissant"  from  the  white  crescent-shaped  mark 
under  the  eye.  Also  given  from  St.  Lucia  and  Guadeloupe  by  Mr. 
Cory  (Auk,  vol.  iv,  p.  118),  and  taken  at  Martinique  by  Mr.  W.  B. 
Richardson  (ib.  p.  96). 

Order,  RAPTORES. 

Family,  Falconid^. 

18.     ButeO  latiSSimUS  (Wils.).     "Malfeenee,"  Pat. 
Buteo  permsylvanicus  (Wils.);  Lawr.  and  Scl.  Lists. 

Common,  widely  distributed,  and  much  more  tame  and  unsuspicious 
than  in  the  United  States.  We  found  it  particularly  common  in  the 
vicinity  of  Bass-en-ville.  Observed  from  the  time  we  arrived  till  we 
left.  In  several  of  the  specimens  taken,  the  stomach  contained 
nothing  but  large  caterpillars.  All  our  specimens,  six  in  number, 
were  in  the  fully  adult  plumage. 

Sexes  alike.  Iris  white.  S  15^-1 0f-6f-32.  $  15^-10^-6^33  ; 
16^10f-6J-33.     In  all  specimens  ;  bill,  cere  to  tip,  }  ;  tarsus  2. 

19.     FalCO  COllimbariUS  Linn.     "Nonnette,"  Pat.  and  Fr.  (Osprey);  "Gue 
Gue,"Pat.;  "  KiUee  Killee,"  Pat. ;  "  Mountain  Hawk,"  Eng. 

Rather  rare  but  generally  very  tame.  Neither  Mr.  Ober  nor  Mr. 
Ramage  took  this  bird  in  Dominica,  nor  is  it  mentioned  at  all  in  Mr. 
Lawrence's  List  of  the  Birds  observed  among  the  Lesser  Antilles  by 
Mr.  Ober,  and  Mr.  Taylor  does  not  mention  seeing  it  anywhere 
among  the  West  Indies,  all  of  which  seems  rather  strange,  as  we 
took  two  specimens,  a  pair  (Mar.  V  and  April  12),  and  saw  others, 
and  my  brother  found  its  nest,  proving  it  to  be  a  resident,  at  least 
during  the  breeding  season.      Dr.   L'Herminier,  however,  gives  it 


326  G.  JE  Verrill^-Fauna  of  the  Island  of  Dominica. 

from  both  Guadeloupe  and  Martinique,  it  was  also  taken  in  the  latter 
island,  by  Mr.  Richardson  (Auk,  iv,  p.  96),  and  at  St.  Kitts  by  Mr. 
C.  S.  Winch  (ib.  viii,  p.  48)  and  recorded  from  the  Greater  Antilles 
and  Grenada  by  Mr.  Cory  (ib.  iv,  p.  43). 

Apparently  it  is  mainly  confined  to  the  mountains,  as  all  we  ob- 
served were  seen  at  quite  an  altitude,  and  the  common  English  name 
is  "  Mountain  Hawk,"  while  the  other  names,  with  the  exception  of 
the  first,  are  also  applied  to  the  following  species.  I  am  at  a  loss  to 
account  for  the  name  ''  Nonnette  "  (Osprey)  as  applied  to  this  bird. 

Iris  (in  specimens  taken),  brown  in  the  male,  red  in  the  female  ; 
legs  and  feet  yellow ;  bill  dark  horn-color,  lighter  at  the  base. 

"  Eggs  all  badly  incubated.     Breeds  in  hollow  trees  or  on  cliib."— (a.  h.  v.) 

20.  FalCO  caribbaBarum  Gmel .     "  Gue  Gue/'  Pat. ;  "  Killee  Killee,"  Pat 
Tinwanculua  aparveriue  anHUarum  (Gmel.);  Lawr.  List. 

Tinnunctdus  cariblnxarum  (Gmel.) ;  Scl.  List. 

Bather  common,  but  not  abundant.  It  much  resembles  F,  sparve- 
riu8  in  its  habits  and  notes.  It  is  a  rather  peculiar  fact  that  all  the 
specimens  obtained,  four  in  number,  were  males.  Taken  from  April 
14  to  May  24. 

Irides  brown;  cere,  eyelids,  feet  and  tarsi,  orange  yellow;  bill  bluish 
grey  at  the  base,  black  at  the  tip.  S  11-61-6^20;  111-6^-5^; 
ll^-6f-5^.     In  all  specimens,  tarsus  IJ,  bill  (cere  to  tip),  i, 

21.  Pandion  haliaetus  carolinensis  (Gmel.).  Fish  Hawk. 

Fandum  halimitis  (Linn.) ;  Lawr.  List. 
Seen  several  times  flying  over. 

Family,  Strigid^. 

82.     StriX  flammea  nigrescens    Lawr.     "  ShawaU,"  Pat.   (probably  from 
Fr.  Chat-huant,  Screech  Owl);  "Owl,"  Kng. 

Rather  rare.  Like  the  European  species,  it  is  found  principally 
around  old  deserted  houses,  in  the  church  towers,  and  similar  places, 
where  it  also  breeds.  This  bird,  like  many  of  its  family  elsewhere, 
is  regarded  with  superstition  by  the  natives  and  looked  on  as  a 
"  Jumbie  Bird,"  or  one  possessed  of  evil  spirits. 

Sexes  unlike.  Irides  dull,  yellowish  brown  ;  feet  and  legs  dark 
brown  ;  feet  and  toes  very  sparsely  feathered  ;  bill  very  light  yellow. 

S  (from  skin),  wing  9^,  tail  4 J,  tarsus  2.      • 
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Order,  PSITTACI. 
Family,  Psittacid^. 
28.    Amazona  augUSta  (Vig.).    "Cioeroo,"  Ca. 

Ckryaotis  augusia  (Vig.);  Lawr.  and  Scl.  Lists. 

Common  in  the  interior  and  on  the  windward  8ide  of  the  island 
where  it  is  found  among  the  mountains  at  quite  an  elevation.  This 
heautiful  bird  inhabits  the  thickest  and  most  impenetrable  forests 
where  the  mountain  palms  and  gommier  trees  grow,  the  seeds  and 
fruit  of  which,  together  with  the  young  shoots  of  the  former,  make 
a  large  part  of  its  diet 

They  are  much  hunted  for  food  during  the  time  the  game  law  is 
off,  being  then  occasionally  for  sale  in  the  market  at  Roseau,  conse- 
quently, though  common  in  the  particular  localities  where  they  live, 
they  are  exceeding  shy  and  difficult  to  procure.  Even  when  within 
gunshot  it  is  very  hard  to  distinguish  their  green  and  purple  plumage 
among  the  dense  foliage  of  the  high  trees.  They  are  generally 
found  in  small  flocks  or  in  pairs  and  are  not  infrequently  seen  flying 
over  at  a  distance.  As  Mr.  Ober  has  observed,  their  calls  are  heard 
mainly  for  a  short  time  in  the  early  morning  and  towards  evening, 
and  when  disturbed,  as  by  a  gunshot.  Their  notes  are  mainly  a 
shrill  whistle,  a  sharp  scream,  and  a  series  of  crescendo  yells. 

When  kept  in  captivity,  as  they  sometimes  are,  they  make  fairly 
good  talkers.  According  to  the  natives,  the  nest  is  generally  built  in 
a  hole  at  the  top  of  a  dead  palm,  but  it  is  very  rarely  found  ;  one  old 
Carib,  a  man  who  had  spent  his  life  in  the  woods,  said  he  had  never 
found  but  one. 

It  was  mainly  to  procure  these  truly  Imperial  Parrots,  so  seldom 
seen  in  collections,  that  our  trip  was  made  to  Bass-en-ville,  which  is 
a  single  house  in  the  primeval  forest,  and  only  to  be  reached  by  one 
of  the  worst  trails  I  have  ever  traveled,  and  I  have  spent  a  number 
of  months  among  the  Sierra  Nevada  Mountains.  This  trip,  however, 
well  repaid  us  for  our  trouble,  as  it  was  there  that  we  took  many  of 
our  best  birds  and  other  specimens,  but  though  parrots  were  seen 
nearly  every  day,  and  we  were  accompanied  by  Mr.  Hennessey 
Dupigny  and  another  hunter,  our  united  efforts  secured  but  two  of 
these  shy  birds  in  the  ten  days  we  were  there. 

One  of  our  specimens  is  a  female  and  the  other  was  so  mutilated 
by  a  shot  as  to  render  the  determination  of  sex  impossible,  but  they 
are  alike  in  plumage  and  I  can  see  no  difference  between  them  and 
Mr.  Lawrence's  description  of  a  male  taken  by  Mr.  Ober, 
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Iris  red ;  bill  dark  horn-color  with  a  light  spot  on  each  side  of  the 
upper  mandible  at  the  base  ;  legs  and  feet  dark  bi*own.  $  21-11 J- 
8^-36^;  sex  undetermined,  191-10^7^35^. 


24.     Amazona  bouqueti  (Wagl).     "Perroquet,"  Pat  and  Fr.  (Parrot). 
Parrot  sp.  ? ;  Lawr.  List. 

Chrysotis  nichoUsi  Lawr. ;  Proc.  U.  S.  Nat.  Mus.  Ill,  p.  264,  1880. 
Chrysoiis  bouqueii  (Wagl.);  Scl.  List. 

Found  in  the  same  localities,  but  apparently  much  rarer  than 
the  "  Ciceroo  "  and  like  it  very  wild  and  difficult  to  procure. 

Grenerally  seen  in  rather  larger  flocks,  otherwise  the  remarks  with 
regard  to  the  habits  and  notes  of  C,  augusia  apply  equally  well  to 
this  species.  The  notes  of  the  two  species  can  generally  be  distin- 
guished by  a  person  familiar  with  them,  but  the  difference  between 
the  yells  of  two  parrots  is  something  very  difficult  to  indicate  on 
paper.     These  latter  are  also  said  never  to  become  good  talkers. 

We  succeeded  in  procuring  but  one  specimen,  a  male.  Mr.  Ober 
did  not  take  this  bird  at  all,  though  he  mentions  a  parrot  "  about 
the  size  of  our  North  Carolina  Parrot  but  more  robust";  but  in 
1879  and  1880  Dr.  Nicholls  sent  two  small  collections  of  Dominican 
birds  to  the  Smithsonian,  and  among  them  were  three  specimens 
that  Mr.  Lawrence  described  as  C,  nichoUsi^  giving  several  differ- 
ences between  it  and  (7.  cyanopis  (Vieill.)  and  C  bouqueti  (Bechat). 
Our  specimen  agrees  very  closely  with  his  description  in  all  points 
but  one.  Mr.  Lawrence  says  "  the  breast  and  abdomen  are  tinged 
with  yellow  "  and  mentions  this  as  one  of  the  differences  between 
C.  nicholUi  and  G,  bouqueti^  but  in  our  specimen  the  abdomen  is 
green  with  many  of  the  feathers  dull  red  at  the  base  and  there  is  a 
band  of  scarlet  f  of  an  inch  wide,  extending  across  the  upper  part 
of  the  breast,  and  half  way  around  to  the  back  on  each  side,  and 
below  the  band,  in  the  middle  of  the  breast,  are  two  or  three 
scarlet  and  yellow  feathers.  In  the  specimens  at  the  Am.  Mus.  of 
Nat.  Hist,  this  band  is  entirely  lacking.  Mr.  Cory,  however,  in  his 
"  Birds  of  West  Indies,''  1889,  p.  186,  mentions  a  "  patch  of  dull  red 
mixed  with  yellow  on  the  upper  part  of  the  breast  joining  the 
throat";  but  our  specimen  differs  from  his  description  in  having  the 
red,  wing  speculum  covering  three  instead  of  two  feathers  and  in  a 
few  other  points  and  he  does  not  mention  the  red  on^  the  base  of  the 
abdominal  feathers  nor  the  dark  blue  on  the  outer  webs  of  the 
primaries  and  outer  tail  feather,  so  that  in  some  respects  our  bird 
more  resembles  his  description  of  C7.  versicolor  (Mtlll.). 
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Judging  from  the  various  descriptions  and  our  own  specimen  this 
species  is  subject  to  great  variation  in  plumage,  perhaps  due  partly 
to  sex,  age,  and  season. 

Iris  orange ;  bill  light  horn-color,  running  into  black  at  tip  of 
upper  mandible  ;  legs  and  feet  brown.  <5  (from  skin),  wing  9^,  tail 
6,  bill  (chord  of  culmen  from  cere)  1.20. 


Order,  COCCYaES. 

Family,  Cuculid^. 

25.    CoCCyzUS    minor  (Gmel.).     "Coulaveecou,"  Pat;    »' Coucoumioc,"   Pat. 
(Fr.  Coucou  manioc,  Manioc  or  Cassava,  Cuckoo). 
Coccyzus  senicuhs  Vieill. ;  Tayl.  List. 

Not  uncommon,  locally  quite  common,  as  at  Bass-en-ville,  where  a 
uumber  were  seen  and  heard  and  several  taken. 

In  habits  and  notes  it  much  resembles  our  common  Yellow-billed 
Cuckoo  ( C.  americanus). 

Iris  brown  or  red  ;  upper  mandible  black,  lower  mandible  yellow, 
black  at  the  tip ;  legs  and  feet  black.  Sexes  alike  in  plumage, 
female  apparently  larger  than  the  male.  6  13-5f-6|-15;  13^-61-6^; 
12|-5i-6-16f      $  133-5f-6|-17i. 


Order,  ALCYONES. 
Family,  Alcedinid^. 

26.    Ceryle  alcyon  (Linn.).    "  Calbasco,"  Pat. 

Rather  rare  and  shy.  Seen  several  times.  Though  no  specimens 
were  obtained  it  was  undoubtedly  this  species,  which  Mr.  Ober  also 
saw  but  did  not  take. 

The  natives  insisted  that  there  were  two  entirely  different  birds, 
both  called  by  the  above  Patois  name,  and  stated  that  the  other  was 
rare  and  bad  a  long  bill  with  teeth  or  notches  along  its  sides,  but 
the  description  was  so  imperfect  that  it  was  impossible  to  tell  what 
bird  it  was,  and  though  we  used  every  endeavor  and  offered  a  good 
price  we  were  unable  to  procure  any  ;  still  I  am  in  hopes  that  one  of 
our  friends  who  helped  us  to  secure  so  many  rare  birds,  may  yet  send 
us  one  of  these,  which  I  am  sure  from  the  description  given  us  is 
(•omething  unlooked  for  in  the  fauna  of  this  island. 
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Order,  MACROCHIRES. 
Family,  Micropodid^. 

27.  Cypseloides  niger  (Gmel.).     "  Hirondelle,"  Pat.  and  Fr.  (Swallow). 
Not  80  common  as  the  following  species,  though  generally  seen  in 

the  same  localities  and  at  the  same  time,  bat  usually  flying  much 
higher,  and  so  is  more  difficult  to  procure.  Two  specimens  only 
were  obtained.  Neither  Mr.  Ober  nor  Mr.  Ramage  procured  this 
bird  in  Dominica,  though  the  former  gentleman  speaks  of  seeing 
"  a  species  of  swift  intermediate  in  size  between  the  small  swift  and 
the  large  martin,"  which  was  undoubtedly  this  bird. 
Iris,  bill,  legs,  and  feet  black.     Sex  ?  6 J-6-2f . 

28.  Chaetura  dominicana  Uwr.     "  Hirondelle,"  Pat  and  Fr. 

Given  provisionally  as  ChcBlura  poHura  (Temm.)  by  Mr.  Lawrence  in  his  list     After- 
wards described  as  above.    (Ann.  *N.  Y.  Acad.  Sci.,  vol.  i,  1879,  p.  266.) 

Very  common  and  widely  distributed.  Particularly  abundant 
near  Spring  Hill  and  about  the  head  of  the  Roseau  Valley,  Also 
seen  in  numbers  at  Casata  Garden  and  at  Hass-en-ville.  As  Mr. 
Ober  states,  they  generally  appear  for  a  short  time  after  a  rain  and 
then  disappear  again.  I  can  see  no  trace  in  our  specimens  of  the 
whitish  edging  to  the  upper  tail  coverts  mentioned  by  Mr.  Lawrence. 
Very  likely  it  is  a  seasonal  variation. 

Sexes  alike.  Iris  and  bill  black,  legs  and  feet  brown.  S  6-4^- 
If-lOi;  4S-4i-l|-10i.  $43-4-,V-lS-10|;  41-4^3^-11-101;  4J- 
4f-l|.     Tarsus  f  in  all  specimens. 

Family,  Trochilid^. 

29.  EulampiSJUgUlaris  (Linn.)      "Fou  Fou  Mardet,"  Pat  (Fr.    Fou   Fou, 

Crazy  Crazy,  in  allusion  to  their  eccentric  motions  while  on  the  wing.) 

Common,  though  rarely  found  in  the  immediate  vicinity  of  the 
coast.  Its  principal  range  seems  to  be  from  600-1500  feet  elevation 
and  in  this  belt  it  is  very  common,  especially  in  the  plantain,  banana, 
and  lime  plantations  where  it  may  be  seen  hovering  about  the 
flowers,  perching  every  now  and  then  on  some  convenient  leaf  or 
twig  to  rest  and  preen  itself.  Like  all  of  its  family  that  are  found 
on  the  island,  it  is  very  tame  and  permits  a  close  approach. 

Formerly  many  of  this  and  other  species  were  slaughtered  for 
millinery  purposes,  but  of  late  years  they  have  been  strictly  pro- 
tected by  law.  Mr.  Taylor  speaks  of  finding  this  bird  in  Dominica, 
but  less  commonly  than  the  following  species,  whereas  our  .experi- 
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ence  was  directly  the  reverse,  this  species  outnumbering  JE  holo- 
sericeuSy  I  should  say,  by  at  least  four  to  one,  and  closely  approach- 
ing £,  exUis  in  numbers,  so  that  it  may  have  increased  since  he  was 
there.  He  also  speaks  of  its  frequenting  "thick  shady  places,"  a 
habit  that  we  failed  to  observe. 

The  females  closely  resemble  the  males  but  the  colors  are  not 
quite  so  bright,  particularly  the  crimson  on  the  throat  and  breast, 
and  they  seem  to  be  slightly  smaller.  The  bill  (exposed  culmen), 
varies  greatly  in  length.  Iris,  legs,  feet,  and  bill  black.  ^  6^3^- 
iHf,  bUl  -92;  6i-3-l|-H,  bill  '86  ;  5i-2f-lf,  bill  1-03.  $  6f-2||- 
U-7,  bill  1-04  ;  5-2f-l^,  bill  '97  ;  5-3^1f,  bill  -86. 

"Nest  always  placed  at  a  considerable  distance  from  the  ground.  One  taken 
April  9th  was  fully  sixky  feet  from  the  ground  in  a  catalpa  tree."— (a.  h.  v.) 

This  nest,  though  entirely  finished,  contained  no  eggs  and  evi- 
dently had  not  been  used.  It  is  saddled  on  a  good  sized  crotch  (the 
main  branch  ^  inch  in  diameter),  that  grew  in  a  nearly  horizontal 
position.  The  nest  is  very  compact,  slightly  elliptical  in  shape  on 
top,  and  composed  of  the  brown  scales  from  the  leaves  of  ferns, 
probably  mainly  tree-ferns,  with  a  few  large  pieces  of  grey  lichens 
on  the  outside,  mostly  near  the  bottom.  The  bottom  is  covered 
with  greenish  white  down,  probably  from  young  fern  leaves,  and 
the  whole  nest  is  very  firmly  fastened  to  the  branch  by  the  same 
material,  running  entirely  around  the  twig.  Inside,  it  is  lined  with 
down  from  the  silk-cotton  tree.  From  side  to  side,  in  the  largest 
place,  it  measures  2^XlJ  and  is  If  high.  The  cavity  is  l^Xl  on 
top  and  f  deep.     Plate  xxv,  fig.  1 . 

80.    Etllampis  holOSericeUS  (Linn.)    "Fou  Fou  T6te-longue.*'      Pat.  and 
Fr.  (Crazy  Crazy  Long-head.) . 

Not  so  common  as  the  preceding,  found  at  a  rather  greater  ele- 
vation (about  760-2000  feet),  and  principally  on  the  windward  side 
of  the  island,  though  by  no  means  rare  on  the  leeward  side  in  certain 
localities.  In  common  with  the  last  and  B,  exilis  it  is  particularly 
fond  of  the  plantain  and  banana  patches,  which  were  our  principal 
collecting  grounds  for  these  three  species. 

Mr.  Taylor  states  that  he  found  this  the  most  abundant  humming- 
bird in  Dominica,  but  according  to  our  experience  it  was  the  least  so, 
with  the  exception  of  7!  blcolor^  which  was  not  observed  by  him, 
W)  that  it  seems  as  though  this  species  must  have  greatly  decreased 
or  the  others  increased  since  he  was  there,  which  well  might  happen 
in  the  twenty-seven  years  between  his  visit  and  ours. 

Traks.  Conn.  Acad.,  Vol.  VIIL  44  April,  1892. 
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Sexes  much  alike,  but  the  male  rather  brighter  than  his  mate. 
Iris,  bill,  leg,  and  feet  black.  As  in  the  last  species  the  length  of 
the  bill  is  very  variable.  The  measurement  given  in  all  cases  is  the 
chord  of  the  exposed  culmen.  6  4j-2i-lyV-5i,  bill  -80;  H-^j^-l^, 
bill  -82;    4^-2^1  i,  hill  -96.      ?  4  J-2f-i  j\-6,  bill  1.01. 

"Nest  generally  a  deep  pouch-shaped  structure  fastened  by  one  side  to  a  perpen- 
dicular twig,  generally  at  some  height  (20-40  feet),  from  the  ground." — (a.  h.  v.) 

Five  nests  are  in  the  collection. 

One  taken  at  Laudat,  April  10,  contained  no  eggs,  is  pouch-shaped, 
fastened  to  the  upright  stalk  of  a  plant,  and  is  composed  of  the  fine, 
brown  scales  from  ferns,  mentioned  above,  with  a  number  of  pieces 
of  bark  and  leaves,  from  the  plantain  and  banana  plants,  hung 
loosely,  on  the  outside,  the  whole  being  bound  together  by  cobweb. 
It  is  2^  high  and  1^  in  diameter  at  the  top,  continuing  the  same  size 
to  within  an  inch  of  the  bottom  and  from  there  tapering  down  to  a 
point.     The  cavity  is  If  deep  and  f  in  diameter. 

The  second  was  taken  March  28,  and  contained  two  young.  This 
is  like  the  last  except  that  it  is  completely  covered  with  pieces  of 
plantain  or  banana  bark  and  leaves.  It  is  2^  high  and  1^  in  diameter 
across  the  top,  sloping  gradually  down  to  the  bottom,  which  is  f 
across.  The  cavity  is  Ij  deep  and  1  in  diameter  across  the  top. 
Plate  XXVI,  fig.  2. 

The  third,  taken  April  13th,  contained  two  fresh  eggs.  It  is  cup- 
shaped,  saddled  on  a  small  twig  inclined  upwards  at  an  angle  of 
about  30°,  and  is  composed  like  the  two  already  described.  It  meas- 
ures 1^  across  the  top  and  is  IJ  high.  The  cavity  is  J  across  the 
top  and  f  deep.  The  eggs  are  dead  white,  elliptical  in  shape,  and 
measure  '51  X'34  and  •50X'35.     Plate  xxv,  fig.  2. 

The  fourth,  taken  April  15th,  also*  contained  two  fresh  eggs.  It 
is  cup-shaped  and  composed  like  the  former  ones  but  with  a  little 
down  from  the  silk-cotton  tree  for  inside  lining  and  very  few  pieces 
of  banana  and  plantain  leaves  on  the  outside.  It  is  2^  high  and  1^ 
across  the  top,  sloping  down  to  a  point  at  the  bottom.  The  cavity 
is  f  deep  and  J  in  diameter.  The  eggs  are  like  the  above  and  meas- 
ure •46X-29  and  47X30. 

The  last  nest  contains  two  eggs.  It  is  cup-shaped  and  composed 
like  the  third.  It  measures  Ij  high  and  If  across  the  top.  The 
cavity  is  f  deep  and  1  across  the  top.  Tlie  eggs  measure  'Six '33 
and  'SIX  34,  color  and  shape  like  the  former  ones.    Plate  xxvi,  fig.  1. 
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31.    ThalTirania    biCOlor  (Gmel.)     **  Kou  Fou  Bleu,"  Pat.  and  Fr.  (Blue  Crazy 
CraEjr). 
Thalurania  wayleri  (Less.);  Lawr.  and  Scl.  Lists. 

Rather  common.  Found  mainly  at  a  considerable  elevation  and 
in  the  heavy  woods.  We  never  took  it  at  an  elevation  of  less  than 
1200  feet  and  apparently  it  rarely,  if  ever,  descends  to  the  lowlands. 
Taken  in  the  vicinity  of  Laudat,  at  Providence  (Mr.  Hennessey 
Dupigny's  plantation  near  Laudat),  and  near  Bass-en-vilie.  This 
beautiful  bird  seems  to  prefer  the  seclusion  and  shade  of  the  deep 
woods  to  the  sunshine  and  warmth  of  the  plantations  and  clearings. 
In  some  little  opening  among  the  thick  mass  of  trees,  vines,  lianas, 
etc.,  that  compose  the  forests  of  this  island  or  along  some  mountain 
trail  that  runs  through  the  deep  woods,  it  is  generally  seen,  either 
hovering  about  some  flower,  sitting  pruning  itself  upon  some  twig 
or  stem,  or  darting  past  so  swiftly  that  one  sees  but  a  gleam  of 
burnished  blue  and  green.  It  is  rather  solitary  in  its  habits,  more 
than  one  rarely  being  seen  at  a  time.  Only  one  female  was  obtained, 
at  Bass-en -ville,  May  19,  and  no  others  were  met  with,  though  nine 
males  were  obtained  and  several  others  seen.  The  males  too  were 
observed  about  the  nests  and  sitting  on  the  eggs,  but  no  females. 

Sexes  very  different  in  plumage.  Iris  dark  brown  or  black;  legs 
and  feet  dark  brown;  upper  mandible  black;  in  the  male  the  lower 
mandible  is  white,  black  at  the  tip  ;  in  the  female  it  is  dark  brown, 
slightly  lighter  at  the  base  and  black  at  the  tip.  S  ^-^i-^^  ;  4^ 
2Hf-6;  4f-2^-lH-5j;  4^2tV-1S-6;  4i-2|-li.  $4-2^^-1^-4. 
In  all  the  male  specimens  the  exposed  culmen  measures  0*65  and 
in  the  female  it  is  0-68. 

"This  bird  builds  the  handsomest  nests  of  all  the  hummers  on  the  island.  It  is 
usual! J  built  close  to  the  ground,  never  more  than  a  few  feet  from  it,  and  generally 
placed  in  a  large  brake-like  fern.  A  number  of  sets  taken,  all  at  a  great  elevation, 
2000-2600  feet."— (a.  h.  v.) 

One  nest,  taken  April  13,  contained  "two  badly  incubated  eggs." 
It  is  fastened  to  the  frond  of  a  fern,  and  composed  mainly  of  a  fine, 
short,  greyish  brown,  vegetable  fibre,  much  resembling  fur,  and  a  few 
brown  fern  scales.  On  the  outside  are  fastened  a  few  small  pieces 
of  gray  lichen  and  the  whole  is  fastened  together  with  spider-web  or 
something  so  closely  resembling  it  as  to  be  indistinguishable  without 
careful  microscopic  examination.  It  measures  If  across  the  top,  1^^ 
in  height,  and  the  cavity  is  f  deep.  The  eggs  are  dead  white, 
nearly  elliptical,  and  measure  •46X'30  and  •46X*31.  Plate  xxvi, 
fig.  5. 
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Another  nest,  taken  April  14,  containing  one  fresh  egg^  is  situated 
on  a  twig  and  much  like  the  last,  but  slightly  lined  with  silk-cotton, 
and  is  well  covered  with  small  pieces  of  lichen,  each  placed  with 
the  natural  side,  of  a  light  greyish  green,  out.  It  is  If  across  the 
top,  1 J  high,  and  the  cavity  is  |  deep.  The  egg  is  like  the  last  two 
and  measures  •54X'3'7.     Plate  xxvi,  fig.  4. 

A  third  nest  taken  near  Laudat,  March  28,  with  two  badly  incu- 
bated eggs,  is  placed  in  the  crotch  of  a  fern  frond,  but  varies  from 
the  other  two  in  being  composed,  on  the  outside,  of  the  brown  scales 
from  stems  of  ferns  with  no  pieces  of  lichen,  and  the  inside  is  very 
thickly  lined  with  down  from  the  silk-cotton  tree.  This  one  meas- 
ures l^  across  the  top,  1^  in  height,  and  the  depth  of  cavity  is  J. 
One  egg  is  too  badly  broken  to  measure,  the  other  is  •49X'32. 

82.     Bellona    exilis    (Gmel.)      "Fou  Fou   Bequar,"   Pat   (Possibly  from   Fr. 
besquee,  a  beak  full.) 
Or ihorhynchus  exilis  {Gmel)]  Tayl.  Lawr.,  and  Scl.  List. 

Very  common  and  widely  distributed.  Though  most  abundant  in 
the  low  lands  and  near  the  coast,  it  is  also  found  commonly  among 
the  mountains  and  we  took  it  from  every  camp.  According  to  our 
experience  this  pretty  and  diminutive  species  is  the  commonest  of 
the  hummers  in  Dominica. 

Sexes  unlike.  S  3^-11-1^,  exposed  culmen  -31,  bill  (from  rictus) 
'68.  $3^1||-1^,  exposed  culmen  '43,  bill  (from  rictus)  -^O  ;  3^ 
If-l  J,  exposed  culmen  '44,  bill  (from  rictus)   67. 

The  nests  of  this  species  vary  considerably  in  composition,  shape, 
and  mode  of  attachment.  There  are  nine  nests  in  the  collection,  no 
two  just  alike,  the  only  characters  common  to  all  seem  to  be  the 
presence  of  more  or  less  brown  scales  from  ferns  or  tree-ferns  used 
in  the  composition,  and  the  use  of  spider  web,  or  some  very  similar 
material,  in  greater  or  less  quantity,  to  bind  the  nest  together. 

Generally  the  nest  is  composed  mainly  of  the  fern  scales,  with 
more  or  less  silk-cotton  for  a  lining,  it  being  entirely  absent  in  only 
two  out  of  the  nine  nests,  and  in  three  it  constitutes  about  half  the 
total  bulk  of  material.  In  a  number  it  is  also  used  on  the  outside, 
in  small  quantities,  to  help  bind  them  together.  Six  nests  are  more 
or  less  ornamented  on  the  outside  with  pieces  of  lichen,  after  the 
manner  of  T.  bicoior.  In  one  of  the  other  nests  the  lichen  is  re- 
placed by  small  pieces  of  brown  bark  and  in  one  where  lichen  is 
present  there  are  also  a  few  pieces  pf  d^rk^green  moss.  (Plate  xxvi, 
fig.  6). 
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The  size  is'  pretty  constant  but  the  shape  varies  more  or  less 
according  to  the  locatioh.  The  usual  form  is  cup-shaped  or  some 
modiiication  of  it.  When  saddled  on  a  horizontal  twig  the  sides 
are  generally  straight  and  when  in  a  crotch  or  on  an  upright 
they  generally  slope  somewhat.  The  diameter  across  the  top  is 
about  li,  three  are  1| ;  the  height  varies  from  Ij  to  1|,  with  the 
exception  of  one  particularly  shallow  one  that  is  only  J  high.  The 
cavity  varies  in  depth  from  4  to  J,  the  average  being  about  J,  and 
in  diameter  across  the  top,  from  j  to  J. 

The  mode  of  attachment  and  location  is  quite  various.  Two  are 
saddled  on  horizontal  branches,  one  of  them  at  the  junction  of  two 
smaller  twi^  ;  two  more  are  on  twigs  inclined  upwards  at  an  angle 
of  about  45°,  one  at  the  branching  tip  and  the  other  at  a  crotch  ;  one 
is  in  the  crotch  of  a  fern  leaf,  a  very  pretty  and  compact  nest, 
thickly  covered  with  spider-web  and  lined  with  silk-cotton  (Plate 
xm,  fig.  3.);  another  is  fastened  by  the  side  to  two  twigs  near  their 
JQDCtion  with  a  larger  branch  ;  another  is  fastened  to  the  stem  of 
a  drooping  leaf  ;  and  still  another  by  its  side  to  the  stem  of  a  vine 
at  the  junction  of  two  leaves. 

The  eggs  are  dead  white  and  elliptical  in  shape,  like  those  of  the 
other  hummers.  We  never  found  more  than  two  in  a  set.  One  set 
of  two,  taken  April  13,  were  slightly  incubated  and  measure  •50X*32 
and  51X*32;  another,  taken  three  days  later,  had  only  one  egg, 
fresh,  measuring  •47X*32  ;  and  on  March  14  another  nest  contained 
two  badly  incubated  eggs,  one  only  saved,  •47X'3l  ;  and  still  an- 
other taken  more  than  a  month  later,  April  19,  also  contained  two 
eggs  badly  incubated,  so  that  only  one  was  saved,  measuring  -45  X  *3l. 
Evidently  the  breeding  season  varies  much. 

Order,   PASSERES. 
Family,  Tyrannid.c, 
88.    TyrannUS  rOStratUS  Scl.     "  Pipiree,"  Pat.  (from  the  note). 

Common  locally.  We  found  it  quite  plentiful  at  Bass-en-ville  and 
all  up  and  down  the  Layou  Valley,  but  rare  in  the  Roseau  Valley. 
A  very  noisy  and  lively,  but  suspicious  bird.  It  delights  to  perch  on 
the  top  of  some  dead  tree  and  utter  its  loud  cry  of  "  pipiree,  pipiree," 
every  now  and  again  darting  into  the  air  after  some  passing  insect. 
Its  general  habits  much  resemble  those  of  our  common  Kingbird 
(T.  tyrattnus). 

Sexes  much  alike.  Iris  brown;  bill,  legs,  and  feet  black.  <^  10-5- 
3^-15;    10-5-4-15;    10-4f-4-15|.      9  9^4^3^13| ;    9^-4^-3^-15. 
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3^i.     Myiarchus  tyrannulus   Oberi  (Lawr.)     '*  La  belie  "Gotet,"  Pat.  (Fr. 
Gros  t4te,  Large  head).     "  Soleil  Ooucher,"  Pat.  and  Fr.    "  Sunset  Bird,"  Kng. 
Myiatchus,  sp.  ? ;  Tayl.  List.     Afterwards  referred  to  M.  erythrocercus. 
Myiarchua  oberi  Lawr. ;  Lawr.  List. 
Myiarchus  tyrannulus  (Miiller). ;  Scl.  List. 

Ilather  common  in  certain  localities,  as  at  Bass-en-ville,  but  gen- 
erally very  shy  and  suspicious.  Mainly  confined  to  the  uplands  and 
mountains.  General  habits  and  note  somewhat  resemble  those  of 
M.  crinltuH.  The  names  "  Soleil  Coucher "  and  "  Sunset  Bird " 
come  from  its  uttering  its  cry  at  about  sunset. 

Sex.es  alike  in  plumage,  female  apparently  slightly  smaller  than 
the  male.  Iris  dark  brown  ;  bill,  legs  and  feet  black.  ^  9J— 4-3|- 
13i;  9~4~3J-12.      $  9-4-3f-12  ;  85-3j-3f-l2i.     8-3|-3f  ;  8-3i-3j. 

In  all  our  specimens  the  bright  ferruginous  extends  along  the 
entire  length  of  the  inner  webs  of  the  tail  feathers,  instead  of  being 
confined  to  their  outer  two-thirds  as  given  by  Mr.  Lawrence  iiv  his 
original  description  (Ann.  N.  Y.  Acad.  Sci.,  vol.  i,  p.  48). 

The  color  of  the  ventral  surface  is  very  variable,  grading  from 
light,  but  bright  and  pure,  yellow  in  some  to  dull  white,  merely 
washed  or  tinged  with  yellow,  in  others.  This  variation  is  appar- 
ently not  due  to  sex,  season,  or  locality,  as  two  males  taken  within 
three  days  of  each  other,  at  the  same  place,  show  as  much  variation 
as  any. 

35.     BlaciCUS  bninneicapillus  Lawr.     **  Gobe-mouche,"  Pat.  and  Pr.  (Ply- 
catcher). 

Common,  particularly  abundant  in  the  heavy  woods  fringing  the 
main  road  up  the  Roseau  Valley.  An  inhabitant  of  the  mountains 
rather  than  the  lowlands,  seeming  to  generally  prefer  the  deep,  high, 
woods  and  their  borders  to  the  more  open  groves  and  plantations  of 
less  elevated  parts  of  the  country. 

Sexes  similar.  Irides  dark  brown,  legs  and  feet  brownish  black, 
upper  mandible  black,  lower  mandible  light  yellow.  ^  6i-2j-2f- 
H  ;  6i-2fi.-2f-9i  ;  6-2H-2i-8i  ;  6-2^^-23^^.  9  6-2i-2H  ;  5j- 
2j5^-2i-8i.     In  all  specimens,  bill  ^j-,  tarsus  ^  to  f. 

The  only  nest  obtained  was  taken  with  two  fresh  eggs,  April  10. 
It  was  placed  on  a  dead  limb  and  is  a  very  frail,  loose  structure  of 
bark,  pieces  of  banana  or  plantain  leaves,  stems,  and  roots,  2  inches 
in  diameter  and  f  high. 

The  eggs  are  white  with  a  ring  of  confluent  spots  and  blotches  of 
a  deep  reddish  brown  and  a  few  of  lilac,  about  the  large  end,  in  one 
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^gg  completely  covering  this  end;  the  other  is  not  so  heavily 
marked  and  has  a  few  small  spots  and  blotches  over  the  rest  of  the 
surface.  They  measure  •74X*56  and  .76X55.  Plate  xxv,  figs.  5 
and  6. 

38.     Etenea  pagana  martinica  (Linn.).     "  Cheweck,"  Pat.  (from  the  note) 
Eiainea  martinica  (Linn.) ;  Tayl.,  Lawr.,  and  Scl.  Lists. 

Common.  Generally  found  at  quite  an  elevation.  In  habits  it 
much  resembles  our  Pewee  (Sayomis  phoebe). 

Sexes  alike  in  plumage.  Iris  dark  brown  ;  upper  mandible  dark 
horn -color,  lower  mandible  yellow,  running  into  dark  horn  at  the 
tip;  legs  and  feet  black.  S  6^-3^-3-101;  7-3^2f.  ?  61-3^-2^- 
10;   7-3^2f. 

"Nest  resembles  that  of  Empidonax  minimus.  Eggs  very  variable.  Generally 
white,  spotted  about  the  larger  end  with  lilac  and  brown.  Sometimes  closely  resem- 
bling those  of  the  *  Teeteen '  but  larger." — (a.  h.  v.) 

A  nest  in  the  collection,  taken  April  16th,  t^ontained  three  fresh 
eggs.  It  is  compactly  built  of  dry  stems,  fine  grass,  and  vegetable 
fibre  and  is  lined  with  the  same  and  some  down  from  the  silk-cotton 
tree.  It  measures  2^  in.  across  the  top  and  If  in.  high.  The  cavity 
is  If  across  the  top  and  1^  deep. 

The  eggs  are  white  with  fine,  light  sepria-brown  and  grey  spots 
(the  brown  greatly  predominating),  confluent,  and  forming  a  ring 
about,  and  even  in  one  case  covering,  the  large  end.  On  the  rest  of 
the  egg  the  spots  are  mnch  lighter.  Taken  as  a  whole  the  markings 
are  more  in  number  and  finer  than  in  J),  petechia  melanoptera.  The 
eg^  measure  •68X*49;  •68X'48;  -eSX'Sl.     Plate  xxv,  figs.  7  and  8. 

Family,  Fringilltd^. 

37.     Loxigilla  nOCtiS  SChlateri  Alien.      .%  "Penwe,"     ?  "Masong,"    Pat. 
(Probably  from  Fr.  Pdre  noir,  Black  father,  and  Mere  sang,  Blood-colored 
mother  in  allusion  to  the  black  male  and  rather  rusty  colored  female).     AIpo 
called  "Robin"  and  **  Plantain-eater." 
LoxigUla  noctis  (Linn.)  ;  Tayl.,  Lawr.,  and  Scl.  Lists. 

Very  abundant,  especially  in  the  valleys  and  about  the  plantations 
and  towns.  These  were  generally  the  first  birds  to  respond  to  the 
call  made  by  sucking  the  back  of  the  hand,  and  invariably  mani- 
fested great  anxiety  and  excitement.  The  sexes  are  usually  very 
different  but  subject  to  great  variation.  In  this  connection  Mr. 
Allen,  who  made  a  careful  examination  of  our  series,  writes:  "Three 
males  present  much  variation  in  the  amount  of  rufous  on  the  lower 
tail-coverts  and  the  size  of  the  supra-loral  spot.  These,  with  other 
Dominican  specimens  before  me,  show  that  the  rufous  may  be  en- 
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tirely  lacking  from  the  lower  tail-coverts,  or  occupy  them  to  the 
exclusion  of  black.  Two  of  the  females  have  rufous  feathers  on  the 
throat,  forming,  in  one  of  them  a  small  patch  ;  in  this  specimen 
there  is  more  or  less  black  mixed  through  the  plumage,  giving  a 
patchy  effect,  suggesting  a  young  male  in  changing  plumage.  The 
sex,  however,  was  carefully  determined  by  dissection.  [This  speci- 
men also  agrees  with  the  other  females  in  size. — g.  e.  v.]  It  thus 
appears  that  the  female  sometimes  partially  assumes  the  livery  of 
the  male,  as  Mr.  Cory  has  recently  found  is  the  case  in  Loxigilla 
violacea  (cf.  Auk,  viii.,  1891,  p.  296)." 

Irides  red  or  brown  ;  upper  mandible  black  or  dark  horn,  lower 
mandible  lighter^  particularly  in  the  female ;  legs  and  feet  brown. 
^  6-2J-2A  ;  5i-2j-2i  ;  5 J-2j-2-9i.      ?  5i-2f-2-8i  ;  5i-2|-2i. 

''  Nest  a  bulkj  affair  of  leaves,  sticks,  etc.  Sometimes  domed  with  the  opening 
on  one  side.  Breeds  anywhere.  Eggs  two  to  fire.  A  number  of  sets  taken  March 
28-April  9."— (A.  H.  v.) 

There  are  two  nests  of  this  species  in  the  collection,  neither  of 
them  domed.  One,  taken  April  1,  is  composed  of  pieces  of  dry 
plantain  and  banana  leaves,  fine  stems,  roots  and  dead  leaves,  and  is 
lined  with  dried  grass,  stems,  etc.  It  measures  3  in  height  and  3f 
across  the  top.*  The  cavity  is  1|  deep.  This  nest  contained  two 
fresh  eggs,  white,  blotched  and  spotted  with  reddish  brown,  con- 
fluent at  the  large  end,  and  measuring  '8lx*57  and  •84x*61. 

Another  nest  taken  March  31  contained  one  fresh  egg.  The  nest 
is  like  the  last  and  about  the  same  size.  The  egg  markings  are  of 
very  light  brown,  not  so  heavy  as  in  the  last,  and  the  large  end  ie 
not  so  heavily  ringed.  It  measures  SOX '58.  On  another  egg,  from 
a  third  set,  the  spots  are  much  more  even,  rather  darker,  and  form 
no  ring  at  the  large  end.     This  egg  measures  •85X'58. 

38.     Euetheia  biCOlor  (Unn  )     5  "Zee  Zee  Zeb."     $  "Zee  Zee  Zay"  (Pat.). 

Phonipara  hicolor  (Linn  ):  Lawr.,  and  Scl.  Lists. 

Pkonipara  omissa  Jard.  ;  Tayl.  List. 

Abundant,  but  like  the  last,  found  principally  in  the  neighborhood 
of  plantations  and  along  the  trails  and  paths.  Not  often  seen  in  the 
interior  nor  far  from  the  settlements  and  cleared  lands. 

"Note  resembles  that  of  the  Yellow- winged  Sparrow  (^mmodramti*  savaimarum 
pasfterinwy — (a.  h.  v.) 

Sexes  different  in  plumage.  Iris  black,  legs  and  feet  dark  brown, 
bill  black.  ^4f-2-li-6i;  41-2-1^-6^;  4-2-li.  94^-2-14-6*; 
4i-2-l|. 

"  Nest  built  of  grass,  near  the  ground,  among  tall  weeds  or  in  the  cane-fields.  En- 
trance on  the  side." — (a.  h,  v.) 
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The  two  eggs  in  the  collection  are  light  greenish  or  dirty  white 
with  a  number  of  dark  brown  spots  at  the  large  end  and  few  of  the 
same  color  scattered  over  the  rest  of  the  egg.  They  measure 
•61X-48. 

Family,  Taxagbid^. 

39.  Euphonia  flavifrons  (Spamn.).  "  Pentch,"  Pat.  (Fr.  Perruch,  Parroquet). 

**  Jaco,"  Pat  and  Pr.  (Parrot). 

Rare.  We  obtained  all  our  specimens,  nine  in  number,  from  the 
same  tree  and  saw  no  others  anywhere  else.  At  this  particular  tree, 
howeyer,  one  or  more  could  almost  always  be  obtained,  at  least  by 
waiting  a  short  time.  The  natives  insisted  that  there  was  only  one 
other  tree  of  the  same  kind  on  the  island  and  that  these  two  trees 
were  the  only  places  where  the  birds  were  found.  The  tree  in  ques- 
tion had  a  parasitic  vine  of  some  sort  growing  on  it  and  it  appeared 
to  be  on  the  berries  of  this  vine  that  the  birds  fed,  as  their  crops 
were  nearly  always  full  of  them. 

These  birds  are  very  quiet,  so  that  we  heard  them  utter  no  note 
beyond  a  few  chirps  and  twitters.  In  their  actions  they  are  slow 
and  deliberate,  crawling  rather  than  hopping  about,  from  which 
habit,  probably,  as  well  as  their  bright  colors,  the  natives  call  them 
"Jaco"  and  **Peritch,"  apparently  fancying  they  either  are  parrots 
themselves  or  bear  some  close  relation  to  them. 

The  sexes  are  very  similar,  the  colors  of  the  male  brighter  than  in 
the  female  but  otherwise  the  same.  Irides  black,  bill  black,  legs 
and  feet  greyish  black.      6  5-2f-l|-8i ;  5-2i-lf.      $  5-2i-lf. 

'*  Nest  built  of  sticks,  in  a  hole  in  a  tree.  Egfics  pure  white,  sometimes  slightly 
spotted.    One  nest  found,  but  the  eggs  were  badly  incubated  and  not  saved."— (a.  h.  v.) 

40.  Saltator  guadelupelnsiS  Lafr.      "Grosbec,"  Pat  and  Fr.   (Grosbeak). 
Not  common.     A  shy  inhabitant  of  the  thickest  underbrush  and 

bushes,  generally  found  along  the  borders  of  the  paths  and  cleared 
land.  Sexes  similar.  Of  the  seasonal  variation  in  this  bird  Mr. 
Allen,  who  examined  our  series,  writes  as  follows  :  "  This  insular 
form  of  8.  aibicoUis  is  represented  by  seven  specimens,  showing 
considerable  variation  in  color,  the  March  and  April  specimens  being 
much  greener,  especially  below,  than  those  taken  during  the  last 
half  of  May." 

Iris  brown;  legs  and  feet  brown;  upper  mandible  dark  horn-color 
at  the  base,  yellow  at  the  tip  ;  lower  mandible  yellow  with  a  large 
dark  spot  on  each  side  at  the  base.      ^9-4^3|-13|;  9-4-3^12^; 
H-4-3i-13f;  8-3|-3i;  8^3i-3f.      9  81-4^-31-13;    8f-4i-3i-13i. 
TBANa  Conn.  Acad.,  Vol.  VIII.  45  April,  1892. 
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Family,  HiRUXDiNiDiB. 

41.  Progne  dominioensiS  (Omel.).     *'HiroDdelle,"  Pat.  and  Fr.  (Swallow). 

A  martin  or  large  swallow  was  observed  rather  commonly  about 
Roseau,  but  very  rarely  seen  elsewhere.  No  specimens  were  taken, 
but  it  was  undoubtedly  the  above  species  which  was  obtained  by  Mr. 
Ober. 

Family,  Virbonid^. 

42.  Vireo  Calidris  (Linn.).     "  Cheweck  Tetlong,"  Pat.  (Pr.  T^te  longiie.  Long 

head). 
Vireoaylvia  cUWoqua  (Vieill.) ;  Tayl.  List 
Vireosylvia  caUdns  var.  dominicana  Lawr. ;  Lawr.  List. 
Vireoeylvia  ccUidris  (Linn.);  Scl.  List 

Common  and  widely  distributed.  In  habits  and  note  resembling 
V.  olivaceus.  Very  likely,  as  Mr.  Ober  thought,  this  bird  is  a 
summer  visitor  only,  for  our  first  specimen  was  not  taken  until 
March  27. 

Sexes  much  alike.  Iris  generally  brown,  but  in  one  specimen,  a 
female,  it  was  red ;  upper  mandible  dark  horn,  the  lower  bluish- 
white.  6  6i-3f-2i-10  ;  7-3^-2^-10  ;  6^3f-2^.  ?  6i-3-2-9|  ; 
6-3^-2^-9  ;  6^-3-2,21^-91.  Exposed  culmen  in  <5  -65,  in  $  -60  ; 
tarsus  in  both  sexes  '75. 

Family,  Ccbrbbib^. 

48.     Coereba    dominicana  (Taylor).     "Sucner,"  Pat  and  Fr.    (Sugarmaker.) 
Cerikiola  dominicana  Taylor  ;  Tayl.,  Lawr.,  and  Scl.  Lists. 

Abundant  almost  everywhere.  Sexes  similar.  One  of  the  males 
(perhaps  immature),  differs  from  the  others  in  having  the  anterior 
half  of  the  superciliary  line  bright  yellow,  very  little  grey  on  the 
forehead,  and  the  back  greyish  black  instead  of  jet  black  as  in  the 
others.  Bill  black,  legs  and  feet  dark  brown.  They  seem  to  vary 
much  in  size,  the  wings  of  the  males  ranging  from  2i-'2^,  the  tails 
from  If-li,  the  bills  from  •53-*50  and  the  tarsi  from  •74--66.  6  4^ 
2i-H. 

"  Nest  built  almost  anywhere,  composed  of  a  great  variety  of  materials.  Some* 
times  it  is  very  beautiful  and  composed  wholly  of  moss.  Generally  globular  in  shape 
with  the  opening  on  one  side.    Breeds  continually  from  February  to  May." — (a.  h.  v.) 

One  nest  in  the  collection  was  taken  at  Laudat,  March  26th,  and 
contained  two  slightly  incubated  eggs.  It  is  globular  in  shape  with 
the  opening  on  one  side  and  composed  of  leaves,  grass,  roots  and 
stems.     The  mouth  of  the  opening  is  lin«d  with  very  fine  rootlets 
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and  stems.  The  total  height  of  this  nest  is  6f  in.;  greatest  diameter, 
from  the  bottom  of  the  opening  to  back  of  nest  outside,  is  4J  in. 
The  opening  is  1^  in.  high,  1  in.  wide  and  situated  2^  in.  from  the 
bottom  of  the  nest.  (Plate  xxv,  fig.  3.)  The  eggs  measure  •74X'52 
and  •77x*52.  The  ground  color  is  white  very  thickly  and  finely 
spotted  with  light  chocolate-brown  (in  one  so  as  to  entirely  obscure 
the  white,  except  at  the  tip  of  the  small  end,  which  is  clear  white), 
heavier  at  the  large  end,  where  are  a  few  fine  lines  of  much  darker 
brown. 

Another  nest  is  composed  like  the  last,  but  with  the  outside  beauti- 
fully covered  with  dark  green  moss  like  that  in  the  nest  of  the 
"Morvy,"  (Ciehlherminia  dominicensis). 

Another  nest  with  four  fresh  eggs,  taken  April  1 0th,  is  composed 
like  the  first,  but  much  smaller,  measuring  3J  in.  in  height  and  3J  in. 
from  front  to  back.  The  opening  is  round,  1  in.  in  diameter,  and  is 
H  in.  from  the  bottom  of  the  nest.  The  eggs  measured  "BOX '51, 
•70x*51,  and  '71  X'53,  the  fourth  is  badly  broken.  The  first  resem- 
bles the  former  set  but  with  the  large  end  darker,  Plate  xxv,  fig.  9  ; 
the  second  has  around  the  large  end  a  much  darker  band  which  is 
clearly  defined  toward  the  small  end,  but  gradually  grows  a  little 
lighter  at  the  extreme  large  end,  the  rest  of  the  egg  is  not  so  thickly 
marked  as  in  the  former  examples,  Plate  xxv,  fig.  10;  in  the  third 
the  spots  are  much  larger,  the  large  end  is  very  thickly  marked  and 
the  rest  of  the  egg  not  very  thickly.  The  last  eggy  which  has  been 
ao  broken  as  to  prevent  measuring,  closely  resembles  the  set  first 
described. 

Two  other  sets  measure  as  follows:  one  set  -7 IX '49;  •74X'51  ; 
•76 X -5 2  and  the  other -70 X '4 9;  •70X*51  ;  •73X-51. 

The  color  and  markings  are  much  like  those  previously  described. 

Family,  Mniotiltid^r. 
44.    Dendroica  petechia  melanoptera  Lawr.    "Teeteen,"  Pat 

D.  petechia  {Unu.)'y  Tayl.  and  Lawr.  List.     Afterwards  described  by  Lawrence  as 
above  (P.  U.  S.  N.  M.,  vol  i,  p.  463). 

D,  mekmoptera  Sbarpe ;  Scl.  List 

Abundant  in  low,  open  woods,  lime  groves,  and  on  the  estates. 
Found  low  down,  near  the  coast,  as  well  as  higher  up  in  the  moun- 
tains. Habits  and  notes  much  resemble  I),  cestiva.  Sexes  unlike  in 
color.  One  female  shows  a  faint  trace  of  rufous  on  the  crown  and 
has  a  few  light  rufous  streaks  below.  Irides  dark  brown,  bill  black, 
legs  and  feet  light  brown. 

S  5-2f-li-7  ;  5-2i-2-7.      9  5-2f-l§-7  ;  5-2-1  }-7, 
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Several  nests  and  sets  of  eggs  are  in  the  collection.  Two  charac- 
teristic ones,  raay  be  described  as  follows  : 

The  first  nest,  taken  on  April  17,  contained  two  fresh  eggs,  one 
•64  X  '49,  white  with  very  slight  greenish  tint,  with  a  ring  of  smal^ 
brown  and  grey  confluent  spots  about  the  larger  end,  the  rest  of  the 
Qgg  sparingly  spotted  with  the  same  colors,  thickest  at  the  large  end, 
very  lightly  toward  the  small  end,  the  brown  predominating  over 
the  whole  egg.  The  other  egg  is  '66  X  '50,  much  like  the  other,  but 
with  the  brown  spots  much  larger,  clearer,  and  of  a  deeper  brown 
with  no  grey  spots  and  fewer  brown  ones  outside  of  the  ring  at  the 
large  end.     Plate  xxv,  fig.  11. 

The  nest  is  compactly  made  of  dry  grass,  stems  of  plants,  leaves, 
chicken  feathers,  bits  of  cloth,  colored  wool,  and  several  cocoons  of 
spiders.  It  is  lined  with  chicken  feathers  and  horse  hair,  and 
measures  2^  in.  across  the  top  and  2  in.  high  ;  the  cavity  is  1|^  in. 
across  the  top  and  1^  in.  deep. 

The  other  nest  taken  on  April  9th  contained  three  fresh  eggs  in- 
termediate in  color  between  the  two  just  described  and  measuring 
•65  X  '50,  '64  X  '49,  and  -64  X  'SO.  The  nest  is  much  like  the  last  but 
composed  of  more  dried  grasses  and  quite  a  little  cotton,  and  contains 
no  chicken  feathers  nor  bits  of  cloth.  It  is  lined  with  horse  hair  and 
a  little  down  from  the  silk-cotton  tree. 

45.    Dendroica  plumbea  Lawr.    "  Pa-pia,"  Pat. 

Plate  xxvn,  Fig.  2. 

Very  abundant,  found  nearly  everywhere.  Very  tame  and  unsus- 
picious. Generally  seen  running  up  and  down  trunks  of  trees  and 
hanging  on  the  terminal  twigs  and  leaves  after  the  manner  of  the 
nuthatches  and  titmice. 

Sexes  alike.  The  green  plumage  described  by  Mr.  Lawrence 
(Ann.  N.  Y.  Acad.  Sci.,  vol.  i,  1879,  p.  47),  as  that  of  the  female  is  evi- 
dently the  livery  of  the  young  as  we  took  two  females  in  the  full  grey 
plumage  like  that  of  the  males,  and  one  young  female,  April  14,  with 
the  grey  feathers  appearing  on  the  top  of  the  head,  back  of  neck, 
around  the  bill,  and  on  the  throat,  but  otherwise  agreeing  with  Mr. 
Lawrence's  description  of  the  female  plumage,  except  that  the  line 
over  the  eye  and  the  lower  eyelid  are  both  bright  yellow  instead  of 
white  as  he  describes  them. 

Iris  dark  brown  ;  upper  mandible  dark  horn-color ;  the  lower 
yellowish,  growing  darker  at  the  tip  ;  legs  and  feet  brownish  yellow. 
^5^-2^-2-8;    53-Jj-V-^^ir-^  tarsus  fj.      ?  6f -2^-2^-7*  ;    5i-2|^ 
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2 J;    $  juv.  6^2f-2^.     In  all  specimens  the  bill,  from  front,  measures 
^,  and  the  tarsus  (except  in  one  case),  f . 

"  Nest  very  much  likd  Spvnua  tristiSy  built  in  low  slirubbery,  particularly  oleanders 
and  grape  plums.  Eggs  very  much  like  />.  petechia  melanojUeray  but  generally  larger 
and  more  heavily  marked.    Laudat,  April  1 ;   Shaw  ford,  April  19." — a.  u.  v. 

46.  Seiurus  noveboracensis  (Gmei.) 

A  bird  described  by  the  natives  as  being  there  early  in  the  season, 
was  doubtless  this  species,  which  was  taken  by  Mr.  Ober  and  which 
probably  occurs  simply  as  a  migrant. 

47.  SetOphaga  ruticilla  (Linn.)    "Officer  Bird,"  Eng.     "Chat,"  Eng. 

Probably  a  migrant  only,  as  none  were  seen  after  May  Ist.     Sexes 
unlike.     Differs  in  no  way  from  New  England  specimens. 
6  5-2f-2f;    ?5-2f-2i. 

Family,  Troglodytid^. 

48.  Cinclocerthia  roficauda  (Gould).     "Trembleur,"  Pat.  and  Fr.    "Trem- 

bler "  (Kng.). 

Abundant  and  very  widely  distributed.  Taken  at  every  camp. 
Found  chiefly  in  dense  shrubbery  near  the  ground,  though  frequently 
seen  in  the  tops  of  tall  trees  searching  for  insects  after  the  manner 
of  the  warblers  and  vireos.  Towards  evening  it  also  ascends  to  the 
top  of  some  bush  or  tree  to  sing,  after  the  manner  of  the  Brown 
Thrasher  {Harporhynchus  rufa8\  which  it  resembles  in  many  of  its 
habits  and  notes.  Its  name  comes  from  its  peculiar  habit  of  con- 
stantly vibrating  or  "trembling"  its  wings,  which  are  generally 
carried  slightly  raised  from  the  sides  and  with  the  tips  beneath  the 
tail,  which  is  also  raised. 

Sexes  alike.  Irides  yellow,  bill  black,  legs  and  feet  brown. 
6  9i-3|-3i-12i;  9i-35-.3-12i  ;  9-3j-3^12  ;  9i-33-3f-12.  ?  9- 
3^3i. 

"  Nest  closely  resembles  that  of  our  Brown  Thrush  {H.  rufus),  but  often  built  at  a 
considerable  distance  from  the  gpround.  It  is  composed  of  fine  twigs  and  grasses, 
generally  with  more  or  less  mud.  The  eggs  are  said  by  the  natives  to  be  dark  bluish 
green.  All  the  nests  found  contained  young.  Breeds  early,  about  the  last  of  Febru- 
ary."—(a.  H.  V.) 

49.  TluyOthorUS    rufescens   Lawr.     *' Rosingnole,"   Pat.    (Fr.    Rossignol, 

Nightingale).     "  Nightingale."  Eng. 

Plate  xxvn,  Fig.  1. 
Rather  common,  but  shy  and  difficult  to  procure.      Found  chiefly 
near  the  ground,  generally  in  thickets  and  heavy  undergrowth  along 
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the  borders  of  trails  and  openings.  Its  loud  clear  song  is  ranch 
oftener  heard  than  the  bird  itself  is  seen,  bat  by  dint  of  quiet  and 
patient  waiting  I  have  several  times  been  able  to  observe  its  habits, 
wliich,  together  with  its  notes,  resemble  those  of  our  House  Wren 
(Troglodytes  a'6don). 

The  male  only,  of  this  species,  was  described  by  Mr.  Lawrence,  as 
Mr.  Ober  did  not  take  any  females.  We  obtained  two,  and  five 
males.  The  sexes  do  not  differ  but  little,  but  the  females  are  a 
shade  lighter  in  color  than  the  males,  this  being  most  noticeable  on 
the  throat  and  sides  of  the  head  and  face.  They  also  are  slightly 
smaller  than  most  of  the  males  and  the  bill  is  very  slightly  shorter, 
about  ^  of  an  inch. 

Two  of  the  males  vary  from  the  rest ;  in  one,  taken  March  8,  at 
Laudat  (the  last  one  given  in  the  list  of  measurements  below),  each 
feather  of  the  under  surface  is  lightly  tipped  with  dark  brown, 
strongest  across  the  breast,  wanting  on  the  flanks.  In  the  other 
specimen  there  is  one  white  tertiary  in  the  left  wing,  and  on  dissec- 
tion the  left  testicle  was  found  to  be  very  rudimentary  ;  whether 
there  is  any  connection  between  the  two  facts  I  cannot  say,  but 
could  find  no  traces  of  any  injury. 

Iris  brown  ;  upper  mandible  dark  brown  ;  the  lower  yellow,  grow- 
ing brown  at  the  tip  ;  legs  and  feet  light  brown.  $  54-2-lf-'7  ; 
6i-2-li-6j;  6-2-1  i-6i;  5-21-1^-6*;  4i-2-li.  $  4^-1^-1^-6^  ; 
4^-2-11^.  In  all  specimens,  bill,  from  front,  j^,  from  rictus  f, 
tarsus  j-j. 

"  Nest  built  of  sticks  and  roots  in  hollow  logs,  etc  Eggs  generally  two  to  six, 
very  much  like  those  of  the  'Sucrier'  (C.  dominicana)  but  generally  smaller.  A  nest 
with  three  eggs  taken  April  9th,  1890,  at  the  Mountain  Lake."— a.  u.  v. 

The  three  eggs  mentioned,  measure  -74  x  -51,  -73  ^  '51,  '59  x  -48,  and 
do  not  differ  appreciably  in  the  color  and  markings  from  those  of 
the  *'  Sucrier." 

B^amily,  Turdid^, 

50.     Myadestes   dominicanUS  Stejn.     "Siffleur  Montague,*'   Pat.  and   Fr. 
"  Mountain  Whistler,"  Eng. 
Referred  to  Myiadestes  genibarbis  Sw.  in  Lawr.  List 

Common  but,  from  its  shy  and  retiring  habits,  much  more  often 
heard  than  seen.  Generally  found  in  deep,  dark  woods,  at  an  eleva- 
tion of  at  least  800-1000  feet  and  for  the  most  part  higher.  Its  shy 
and  solitary  habits,  more  than  two  individuals  being  rarely  seen 
together,   are   apparently   due   to   natural    disposition   rather  than 
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timidity,  for  it  permits  quite  a  close  approach  without  manifesting 
fear  or  attempting  to  escape.  In  its  movements  it  is,  for  the  most 
part,  slow  and  deliberate,  very  different  from  most  of  the  thrushes. 
It8  note  is  perhaps  its  most  striking  characteristic,  and  once  heard, 
coming  from  the  depths  of  some  dark  ravine,  the  author  being  usu- 
ally entirely  invisible,  can  never  be  forgotten.  It  is  a  loud  and  clear 
but  rather  melancholy  whistle,  slowlj  uttered  and  repeated  at  inter- 
vals, the  bird  usually  remaining  in  the  same  place  for  some  little 
time. 

Sexes  much  alike.  In  most  of  our  series  of  twelve  specimens  I 
can  see  no  trace  whatever  of  the  olivaceous  tint  on  the  head,  men- 
tioned by  Mr.  Stejneger  (Proc.  U.  S.  Nat.  Mus.,  vol.  v,  p.  22),  and 
the  same  tint  on  the  back  does  not  seem  to  vary  but  very  little  with 
the  sex,  it  being  almost  absent  on  some  females,  and  quite  plain  on 
some  males.  Again,  the  olivaceous  on  the  lores  and  over  the  eye 
seems  to  vary  greatly,  being  decided  in  some,  and  almost  absent  in 
others,  without  regard  to  sex  or  season;  so  that  I  judge  it,  together 
with  the  tint  on  the  back,  to  be  more  a  matter  of  age  or  individual 
variation  than  a  sexual  or  specific  character,  as  the  specimens  that 
are  strongest  olivaceous  on  the  back,  have  the  most  of  the  same  tint 
on  the  lores  and  over  the  eye.  In  one,  a  female,  taken  May  15, 
where  the  tint  on  the  back  even  approaches  rufous  and  extends  on 
to  the  wing  coverts,  the  olivaceous  on  the  head  is  very  decided,  the 
whole  side  of  the  head  and  some  of  the  ear  coverts  being  washed 
with  it.  Irides  brown,  legs  and  feet  yellow,  bill  black  ^  8S-3f-3j- 
12  ;  8i-3i-3f-lli  ;  8i-3}-3f-lH.  ?  si-SM^-Hf  ;  8i-3f-34-llf  ; 
8— 3§-3f.  One  specimen,  sex  undetermined  owing  to  mutilation,  7|- 
3i-3i-l0i. 

"  Nest  a  very  frail  structure  of  hair  and  roots,  something  like  that  of  our  Chipping 
Sparrow  {Spizella  aociaiis).  Eggs,  two  in  number,  white,  spotted  with  lilac  about  the 
larger  end.  One  nest  taken  with  badly  incubated  eggs  which  could  not  be  saved. 
Situated  about  8  feet  from  the  ground  in  a  lime  tree.  Laudat,  April  9,  1890." — 
(A.    H.    V.) 

51.      Allenia    montana  (Lafr.).     ''Orive,''     "Grivette,"   Pat.  and    Fr.   (Small 
Thrush). 

Margarops  77M>wtantt«  (Vieill.);  Lflwr.,  and  Scl.  List. 

Common  but,  like  the  following,  much  hunted  and  hence  rather 
shy.  Widely  distributed  and  found  in  much  the  same  places  as 
the  next  species,  though  as  a  rule  nearer  the  ground,  sometimes  close 
to  or  on  it.     Song  like  that  of  the  "  Grosse  Grive  "  but  shorter. 
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Sexes  alike.  Irides  of  adult,  white  or  pale  yellow  ;  of  the  young 
brown  ;  bill  black  ;  legs  and  feet  dark  brown.  S  ^i-4f-3j-14i  ; 
9-4f-3i.      $  9-4f-3i.      ?  jnv.  9i-4^3i-12i. 

•'Nest  like  that  of  the  'Grosse  Grive'  (C.  fuscata  densirostris)  but  smaller."— 

(A.   H.    V.) 

One  set  taken,  May  3,  at  Spring  Hill,  contained  very  large  em- 
bryos. These  eggs  are  of  a  unifonn  blue  green  color  and  measure 
1-14X-78,  1-11  X -80  and  l-23x-79. 

53.    Cichlherminia  fuscata  densirostris  (Vieiii).     "Groase  Grive/' 

Pat.  and  Fr.  (Large  Thrush). 
Margarops  densirostris  (Vieill.) ;  Lawr.  List. 

Not  common  and  very  wild.  This  and  the  foregoing  are  much 
hunted  for  food,  which  probably  accounts  for  their  shyness.  Well 
distributed  and  found  mainly  in  the  tops  of  trees  and  seen  flying 
over  at  considerable  height.  The  song  of  this  and  the  preceding  is 
loud  and  rather  pleasing  but  short,  somewhat  like  that  of  our  Wood 
Thrush  (Thjtrdus  mustellnus),  and  is  mainly  uttered  late  in  the  after- 
noon, a  short  lime  before  sunset. 

Sexes  much  alike,  the  male  apparently  slightly  larger.  Irides 
white;  legs,  feet,  and  upper  mandible  yellowish  brown;  lower  mandi- 
ble yellow  at  the  base,  dark  at  the  tip.  6  12^5  J-4^,  extent  not 
taken.      ?  U}-5§-4i-17f. 

''Nest  built  of  twigs  and  lianas,  closely  resembling  that  of  the  Brown  Thrush  (J9far- 
porhynchus  rufus).  Eggs  blue.  Several  nests  found  with  young.  Breeds  in  February 
March."— (a.  h.  v.) 

53.     Cichlherminia  dominicensiS  (Lawr.).     "  Morvy,"  Pat.  (Pr.  Mauvis, 
Redwing). 

Referred  to  Marganvps  herminieri  (Lafr.)  in  Lawr.  List     Afterwards  described  by 
him  as  if.  dominicensis  (P.  U.  S.  N.  M.,  vol.  iii,  p.  16). 

Not  common  and  very  shy.  Found  chiefly  near  the  ground  in  the 
thick  woods,  Laudat,  Bass-en-ville. 

Note,  a  loud  whistle  somewhat  resembling  some  of  the  notes  of  the 
Blue  Jay  ( Cyanocitta  cristata). 

Sexes  much  alike,  the  female  appears  to  have  rather  more  white 
on  the  abdomen.  Irides  white;  legs,  feet  and  bare  skin  surrounding 
eyes,  yellow;  upper  mandible  yellowish  brown,  darker  at  the  base; 
lower  mandible  yellow.  .^  10^4f-3|-15f;  10^-5-3^-16.  $  11-5-3^; 
11-5-3^;  11-41-3. 

One  nest  taken  at  Bass-en-ville,  May  19th,  contained  only  a  few 
fragments  of  the  eggs,  of  a  beautiful,  uniform  blue  green  about  the 
color  of  those  of  the  "Grive"   {A,  montana).      It  was  in  thick, 
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swampy  woods  situated  in  the  crotch  of  a  small  tree  about  ten  feet 
from  the  ground  and  is  a  very  handsome  structure,  composed  mainly 
of  long,  dark  green  moss  thickly  lined  with  small  roots  and  stems  of 
plants.  Diameter  on  top  5^  in.,  on  bottom  8  in.,  height  4  in.  The 
cavity  measures  3f  in.  across  the  top  and  2^  in.  deep.  Plate  xxv, 
fig.  4. 

54.     Mimociohla  verrillorum  Alien.     "Perro-vanter,"  Pat. 

Plate  xxvit,  Fio.  3. 
M.  ardesiaca  (Yieill.) ;  ScI.  List. 

If.  ardesiaca  afbiventris;  Scl.  List  in  notes  (P.  Z.  S.  1889,  p.  326). 
if.  albiverUria (Scl);  Allen  in  Auk,  vol.  viii ,  No.  3,  p.  217. 

Very  rare  and  shy.  The  only  two  specimens  obtained,  a  pair, 
were  taken  at  Lasswa,  on  the  windward  or  eastern  side  of  the 
island,  and  apparently,  from  the  testimony  of  the  natives  and  our 
own  experience,  its  habitat  is  mainly  confined  to  that  portion  of  the 
island,  though  once  or  twice  its  notes  were  heard  near  Bass-en-ville, 
and,  as  mentioned  later  on,  it  was  taken  on  the  western  side  the  pre- 
vious year,  by  Mr.  Ramag*e. 

"  Note  a  shrill,  plaintive  whistle." — (a.  h.  v.) 

Sexes  much  alike,  but  the  female  *' slightly  smaller  than  the  male, 
with  the  breast  paler  and  the  abdomen  more  deeply  tinted  with 
yellowish  buff." — (Allen.)  Bill,  legs  and  feet  yellow  ;  iris  dark 
brown.  Measurements,  from  skin:  <$  length,  10*50;  wing,  4*60; 
tail,  4*50  ;  culmen,  0*86. 

Mr.  J.  A.  Allen  described  this  bird  under  the  above  name  in  the 
**Auk"  for  April,  1891  (vol.  viii..  No.  2,  p.  217),  considering  it  a 
new  species,  but  later,  in  the  next  number  of  the  same  journal 
(p.  317),  refers  it  to  M,  albiventris  (Scl.),  adopting  as  specific  the 
quasi  sub-specific  name  used  by  Dr.  P.  L.  Sclater  in  his  "  List  of 
Birds  Collected  by  Mr.  Ramage  in  Dominica,  West  Indies  "  (P.  Z.  S., 
1889,  p.  326),  in  speaking  of  two  male  specimens  collected  by  Mr. 
Qeo,  A.  Ramage  at  Batalie,  on  the  leeward  side  of  Dominica,  in 
March,  1889. 

In  the  enumerated  list  of  Dominican  birds  at  the  head  of  his 
article.  Dr.  Sclater  mentions  the  bird  in  question  as  M.  ardesiaca 
(Vieill.)  from  which,  as  Mr.  Allen  has  shown  in  his  first  article,  it  is 
qaite  distinct,  but  later  on  in  the  article  he  says,  "  as  might  have 
been  expected  the  Dominican  Mimodchla  belongs  to  the  Porto 
Rican  form.  It  is,  in  fact,  so  nearly  similiar  that  I  do  not  see 
sufficient  grounds  for  making  it  specifically  distinct.  The  only 
difference  apparent  is  the  much  greater  whiteness  of  the  belly  in  the 
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Dominican  specimens  whence,  those  who  adopt  trinomials,  would, 
no  doubt,  call  it  M.  ardesidca  cUbiventris.^''  And  again,  a  little 
further  on,  he  alludes  to  it  as  M.  ardesiaca  ctlbiventris  but  gives  no 
further  description,  and  failed,  as  Mr.  Allen  remarks  in  his  second 
paper,  to  point  out  some  of  the  principal  differences  between  this 
and  M,  ardesiaca  (Vieiil.)  From  this  and  the  fact  that  he  calls  it 
M.  ardesiaca  (Vieiil.)  in  his  enumerated  list  at  the  head  of  his  article 
it  hardly  seems  as  though  he  intended  to  recognize  it  as  a  sub-species, 
and  certainly  not  as  a  distinct  species,  which  it  is  clearly  shown  to 
be  by  the  following  characters  given  by  Mr.  Allen  in  his  first  article. 
"  Similiar  to  M.  ardoaciacea  of  San  Domingo  and  Porto  Rico,  but 
much  smaller,  with  much  more  white  on  the  tail,  and  with  the 
abdomen  strong  buff  instead  of  plumbeous  fading  into  white."  ♦  ♦  * 
"This  species  finds  its  nearest  relative  in  Mimocichla  ardosciacea 
of  Porto  Rico  and  Santo  Domingo  holding  somewhat  the  same  re- 
lation to  it  as  regards  the  color  of  the  ventral  surface  that  M.  mbripes 
holds  to  M.  plumbea.  The  wing  and  tail  are  each  fully  three- 
fourths  of  an  inch  shorter  in  M,  verriUorum  than  in  M,  ardosciacea; 
the  culmen  is  also  shorter ;  but  the  tarsi  are  slightly  longer  and 
the  wing  appreciably  more  rounded.  The  white  in  the  tail  is  much 
purer  and  twice  greater  in  extent,  tipping  the  outer  five  pairs  of 
feathers  instead  of  being  confined  to  the  outer  four,  as  in  the  other 
species  of  the  genus,  and  occupying  considerably  more  thart  the 
apical  half  of  the  outer  feathers." 

Not  taken  by  Mr.  Ober,  but  probably  the  "5.  Thrush?"  men- 
tioned by  Mr.  Lawrence  (Proc.  U.  S.  Nat.  Mus.  i.,  1878,  p.  53),  as 
having  been  "described  by  several  persons,  something  like  the 
Thrush,  but  with  yellow  bill  and  legs."  Nest  and  eggs  not  taken 
but  said  by  the  natives  to  resemble  those  of  the  "Trerableur"  (C 
rt^cauda,) 

Appended  is  a  list,  complete  so  far  as  I  have  been  able  to  ascertain, 
of  all  the  birds  that  have  been  recorded  from  Dominica.  It  contains 
all  the  species  recorded  by  Mr.  E.  C.  Taylor,  who  was  there  in  1863; 
Mr.  Ober,  who  was  there  in  1877;  Mr.  Ramage,  who  was  there  in 
1887  and  1888;  and  ray  brother  and  myself,  who  were  there  in  1890, 
and  shows  what  species  were  recorded  by  each  collector,  and  whether 
actually  obtained  or  observed  by  him. 

It  is,  I  believe,  the  most  complete  list,  so  far  published,  of  the  birds 
of  this  island,  but  it  is  not  yet  complete,  probably  by  quite  a  number 
of  species,  and  it  is,  I  think,  quite  probable  that  in  some  of  the 
denser  and  more  unexplored  parts  of  the  island  there  may  yet  be 
found  birds  entirely  unexpected  there,  or  even  undescribed  species. 
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By  whom  recorded. 


List  of  Birds  beoorded  prom  Dominica. 
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1  ISterna  dougsJli  Montag. 

2  Sterna  antillanim  (Less.) 

3  Sterna  fuliginosa  Gmel 

4  ;Stema  anaethetus  Scop 

5  Anous  Btolidus  (Linn.) 

6  Phaethon  flavirostris  Brandt 

7  !  Pelecanus  fuscua  Linn i    x 

8  Fregata  aquila  (Linn.) x 

9  Araea  berodias  Linn |   ..  ' 

10  I  Ardea  egretta  Gmel .. 

11  ,  Ardea  candidissima  Omel I 

12  *  Ardea  cffinilea  Linn I   ., 

13  '  Ardea  virescens  Linn <    + 

14  Xycticorax  violaceus  (Linn.) .. 

15  JonomiB  martinica  (Linn.) 

16  Ereunetes  pusillus  (Linn.) 

17  Actitis  macularia  (Linn.) 

18  Charadrius  dominicus  Mull 

19  lArenaria  interpres  (Linn.) 

20  Columba  corensis  Gmel I  +1 

21  Columba  leucocephala  Linn I  .. 

22  Zenaida  martinicana  Bonap + 

23  Columbigallina  passerina  (Linn.)   

24  Geotrygon  montana(Linn.). I   ..  '    + 

25  Geotrygon  mystaoea  (Temm.) 

26  Buieo  latissimus  (Wils.) ..      + 

27  Falco  oolumbarius  Linn .. 

28  Palco  caribbBBarum  Gmel. . , i    x       + 

29  Pandion  haliaetns  carolinensis  (Gmel) x 

30  Strix  flammea  nigrescens  Lawr ,    + 

31  ■  Annazona  augu8la(Vig.) j   ..      + 

32  Atnazona  bouqueti  (Wagl.) i  ..       ? 

33  Coccyzus  minor  (Gmel.) +       + 

34  Ceryle  alcyon  (Linn.) ..      x 

36  Cypseloides  niger  (Gmel.) ? 

36  Chietura  dominicana  Lawr i  ..      + 

37  Eulampis  jugularis  (Linn.) !    +       + 

38  Kulampis  holosericeus  (Linn.) I   +   >   + 

39  Thalurania  bicolor  (Gmel.) .-      + 

40  Bellona  exilis  (Gmel.) +       + 

41  Tyrannus  rostratus  Scl - + 

42  Myiarchus  tyrannulus  oberi  (Lawr.) +       + 

43  BlacicuB  brunneicapiUiis  Lawr I   ._  I    + 

44  Elaenea  pagana  martinica  (Linn.) +       + 

45  LoxigiUa  D<XJ*^8  sdatori  Allen +       + 

46  EueSeia  bicolor  (Linn.) +       + 

47  Kuphonia  flavifrons  (Sparrm.) 4-? 

48  Saltator  guadelupensis  Lafr +       + 

49  Progne  dominicensis  (Gmel.)  . .   + 

50  Vireo  calidris  (Linn.) +       + 

51  Coereba  dominicana  (Taylor) +   i   + 

52  '  Deodroica  petechia  melanoptera  Lawr.  +       + 
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List  of  Birds  recorpbd  from  Dominica. 


By  whom  recorded. 
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53  Dendroica  plumbea  Lawr + 

54  I  Dendroica  vireDB  (Gmel.) j  +1 

55  'Seiurua  noveboracenBiB  (Gmel.) ..  '   + 

56  Setophaga  ruticilla  (Linn.) ..  I   + 

57  Cinclocerthia  ruficauda  (Gld.) 

68   Thryothorus  nifescens  Lawr +5 

59  Myadestes  domimcanuB  Stejn I  ..  i   + 

60  Allenia  montana  (Lafr.) I  ..  !   + 

61  Cichlherrainia  f  UBcata  denairoBtriB  ( Vieill.) i  ..  -<- 

62  Cichlherminia  dominicenBiB  (Lawr.) |  ..  +^ 

63  Mimocichla  verrillorum  Allen (?) 


+ 


-     (?) 
+     + 

+    + 

+  '  + 

+ 

+  5  ■    + 


The  following  signs  are  used  in  the  above  table:  +  =  actually  obtained ;  x  = 
observed  and  specieB  identified  but  not  obtained;  ?=  observed  and  probably  of 
that  species  but  not  positively  identified;  (?)=  described  by  the  inhabitants  and 
probably  of  that  species  but  not  seen  by  the  collectors  themselves;  +  ^  or  •(-  S 
indicates  that  the  sex  indicated  only  was  obtained.  In  several  cases  only  one  speci- 
men was  taken  by  the  former  collectors  but  the  sex  is  not  mentioned  by  them  in 
their  lists,  in  such  cases  it  is  indicated  thus,  +  1 . 

To  this  list  should  be  added  Tringa  minutilla  Vieill.  taken  in  Dominica  by  Dr. 
Nicholls,  and  sent  to  the  Smithsonian  in  1880.  He  also  sent  ten  other  spedoB,  all  of 
them  included  in  the  above  list;  but  the  three  following,  though  they  were  observed, 
have  not  been  actually  taken  there  by  any  of  the  above  oollectore. 

Anous  stolidus. 

Breuneiea  pusiUus. 

Charadiriua  dominicua. 


List  of  Batrachians  and  Reptiles  obtained, 

BATRACHIA. 

Order,  ANURA. 

Family,  Cystignathid^. 

1.  LeptodaotylUS  pentadactylus  Lawr.  "Crapaud,"  Pat  and  Ft.  (Toad.) 
Common  and  much  used  for  food.  When  used  for  the  table  the 
whole  animal  is  eaten,  generally  as  a  stew,  and  not  simply  the  legs, 
as  is  the  case  with  frogs  in  this  country.  Prepared  in  this  way  it 
makes  a  delicious  dish,  tasting  much  like  chicken,  but  more  deliqate. 
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2.  HylodeS  maxtinicensiS  D.  and  a    Tree  Toad. 

Rather  common.  All  our  specimens  were  taken  at  a  considerable 
elevation  (1000-2000  feet),  and  were  found  under  stones  or  logs. 

REPIULIA. 

Order,  OPHIDIA. 
Family,  Typhlopid^. 

3.  TyphlopS  iTimbricalis  Linn.     *•  BUnd  Worm." 

Apparently  rare.  We  only  obtained  one  specimen  and  no  others 
were  seen. 

Family,  Bom^. 

4.  Boa  diviniloquax  Band.    "Boa." 

Rather  common.  Our  specimens  were  all  obtained  in  the  interior, 
near  Bass-en-ville,  and  apparently  it  is  found  mainly  in  the  densely 
wooded  and  elevated  parts  of  the  island.  This  species  sometimes 
attains  large  size.  We  heard  of  their  being  taken  12  or  13  feet  long, 
but  none  of  our  specimens  were  over  7  or  8  feet  in  length.  Three 
were  brought  to  New  Haven  alive. 

Family,  Colubrid^. 

5.  Opbeomorphus  juliae  Cope.     "Snake." 

Not  particularly  common.  This,  the  preceding  species,  and  the 
'•Blind  Worm"  were  the  only  snakes  found  by  us  on  the  island, 
though  Mr.  Ober  took  a  fourth,  Alsophis  sibonius  Cope.  This 
species  varies  much  in  color  and  general  appearance  so  that  the 
natives,  and  we  ourselves,  thought  there  were  several  species  among 
them.  In  one  specimen,  the  largest,  21  inches  long,  the  round  yel- 
low spots  near  the  base  of  the  scales,  spoken  of  by  Mr.  Cope,  are 
entirely  lacking. 

Order,  LACERTILIA. 
Family,  Geckonid^. 

6.  Sphserodactylus  oxyrhinus  Gosse.    Gecko. 

One  specimen  only  obtained,  at  Bass-en-ville,  and  no  others  were 
observed. 

Family,  Iguanid^. 

7.  Iguana  delicatissima  Lawr.    "iguaoa." 

Bather  common.  Frequently  used  as  food.  My  brother  states 
that  the  flesh  is  very  fair  eating. 
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8.  Anolis  leachii  Gray.    "Chameleon." 

Very  abundant  and  widely  distributed.  Found  at  all  elevations. 
A  very  lively  and  beautiful  Bpeoies.  A  peculiarity  of  this  lizard  is 
the  effect  upon  it  of  whistling  or  music,  causing  it  to  stop  and  listen 
attentively  and  even  allow  itself  to  be  caught. 

Family,  TEitD-ai. 

9.  Ainiva  plei  D.  and  B.,  var.  brachiOSquamatUS,  nov.  Cope.    "  Arbalo  " 

(Pat). 

Prof.  E.  D.  Cope  describes  this  new  sub-species  as  follows : 
"Differs  from  typical  forms  in  having  numerous  rows  of  small 
brachial  scales  as  in  A,  major,  instead  of  one  large  row  as  in  typical 
A.  plei.     Three  supraorbital  plates.     Otherwise  as  in  ^.  plei.^^ 

Very  abundant  in  the  lowlands,  particularly  in  the  cane-fields, 
where  on  a  hot,  sunny  day  they  may  be  seen  by  hundreds.  They 
are  exceedingly  quick  in  their  motions  and  run  with  great  rapidity, 
so  that  they  can  only  be  procured  by  shootiug.  This  species  grows 
very  large,  frequently  attaining  a  length  of  two  or  three  feet. 

I  think  there  are  at  least  two  species  of  "  Arbalos,"  but  we  only 
succeeded  in  obtaining  one. 

Family,  ScinciduB. 

10.  Mabuia  agilis  nigropunctata  Spix.   Skink. 

Common,  but  shy  and  difficult  to  catch.  Generally  found  in  rather 
damp  places  and  at  quite  an  elevation. 

Order,   CHELONIA. 
Family,  Testudinidjs. 

11.  TestudO  tabulata  Linn.    Turtle. 

Our  specimen  came  from  tfie  island  of  Tortola,  but  we  were  told 
that  they  were  also  found  in  Dominica,  though  rare. 

Species  obtained  by  Mr.  Fred.  A.  Ober,  in  addition  to  the  above  List. 

Mr.  Ober  obtained  four  species  of  reptiles  (no  batrachians),  in 
Dominica,  which  are  described  by  Prof.  E.  D.  Cope  in  the  Proc. 
Amer.  Philos.  Soc,  vol.  xviii,  p.  274. 

Of  these  four  species  one  was  also  obtained  by  us,  Opheomorphus 
julicBy  the  others  I  give  below  to  complete  so  far  as  possible,  the 
herpetology  of  this  island,  though  I  feel  sure  the  list  of  species  is 
still  far  from  complete,  especially  among  the  lizards. 

12.  (1.)    Mabuia  cepedei  Gray. 

13.  (2.)    Xiphosurus  oculatus  Cope. 

14.  (3.)   Alsophis  sibonius  CJope. 
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List  of  Land  and  Presh-water  Crustacea  obtained. 

1.     Palaemon  jamaicensis  Oliv.     **  Crawfish."     Prawn. 

Common  in  the  fresh-water  streams  and  extensively  used  as  food, 
being  of  excellent  flavor. 

One  or  more  species  of  small  grey  shrimp  were  frequently  seen  in 
the  river  at  Bass  en-ville,  but  owing  to  their  very  lively  habits  and 
our  lack  of  proper  means  we  were  unable  to  procure  any. 

3.     Cenobita    diogenes  Latr.     "Sojer"  (Soldier).     Hermit  Crab. 
Not  very  common. 
"Found  only  on  the  windward  or  Atlantic  side  of  the  island."— (a.  h.  v.) 

3.  Grecarcinus  ruriCOla  Latr.     "  Crabe."  Pat.  and  Pr.  (Crab).     Land  Crab. 
Common,  but  not  found  among  the  mountains  nor  at  any  great  ele- 
vation.    Very  good  eating  and  much  used  for  food. 

4.  Psendotelphlisa  dentata  (H.  Milne-Edw.).    "Surique,"  Pat.   Land  Crab. 
PfeudUtteiphusa  Unuipea.     R.  \.  Pocock  (Ann.  and  Mag.  Nat.  Hist.,  vol.  iii,   p.  7, 

1889). 

Very  common  in  the  interior  and  among  the  mountains.  We 
found  this  species  extremely  abundant  in  the  neighborhood  of  Bass- 
en-ville.  They  were  seen  running  around  everywhere  in  the  woods, 
though  also  found  along  the  shores  of  the  streams  and  in  the  streams 
themselves,  but  apparently  it  made  no  difference  whether  water  was 
near  or  not,  though  of  course  the  ground  is  everywhere  very  damp 
from  the  frequent  rains.  When  disturbed  or  pursued  they  run 
very  rapidly  and  generally  get  into  some  hole  or  under  a  log  or  stone, 
but  I  could  never  see  that  they  had  any  particular  hole  or  burrow. 
When  unable  to  reach  some  such  shelter  they  sit  back  on  the  hind 
part  of  the  carapax,  after  the  manner  of  our  common  Fiddler  Crab, 
and  defend  themselves  savagely.  By  throwing  out  a  piece  of  meat 
a  namber  could  always  be  brought  around  the  camp  in  a  very  short 
time. 

.Though  not  usually  sold  in  the  market,  like  the  former  species, 
and  not  considered  so  good  eating,  they  are  by  no  means  bad,  as  I 
can  testify  from  personal  experience,  and  they  are  frequently  eaten 
by  the  natives  up  among  the  mountains. 

Mr.  R.  I.  Pocock  in  the  Ann.  and  Mag.,  vol.  iii,  p.  6,  1889,  has 
recorded  an  additional  species  of  land  crab  ( 6.  lateralis),  and  sev- 
eral additional  species  of  shrimp  and  prawns  collected  in  Dominica 
by  Mr.  Ramage. 
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Notes  on  the  Insects. 

The  collection  of  insects  has  not  yet  been  worked  up  and  so  no 
list  of  the  species  can  be  given. 

We  found  the  Coleoptera  and  Lepidoptera  quite  abundant,  the 
other  orders  much  less  so. 

Our  collection  contains  about  twenty  species  of  beetles,  some  of 
which  are  very  interesting,  to  an  ordinary  observer  at  least,  on 
account  of  their  difference  from. New  England  forms. 

Probably  the  most  striking  is  the  Hercules  Beetle.  These  enor- 
mous beetles  are  quite  rare  and  found  mainly  among  the  mountains. 
According  to  the  inhabitants  there  are  several  species,  but  we  pro- 
cured but  one,  dark  brown  with  greenish  grey  wing  coverts,  spotted 
with  black.  According  to  my  brother,  they  feed  on  the  locust  and 
cocobolo  trees,  and  he  also  says  that  on  the  windward  side  of  the 
island  this  species  is  replaced  by  another  that  is  still  larger  and 
entirely  brown.  • 

Another  large  brown  "  horn-bug  "  has  a  big  white  larva,  called  in 
Patois  "  Gru  Gru  Worm "  which  lives  in  the  buds  of  the  palm 
trees,  and  which  is  roasted  and  eaten  by  the  natives. 

The  "  fire-beetles  "  of  this  island  are  of  several  species,  very  num- 
erous, and  exceedingly  brilliant,  the  light  being  constant  and  com- 
ing from  the  body  under  the  wing  coverts  and  from  two  round  spots 
on  the  side  of  the  thorax.  They  are  a  kind  of  snapping-beetle,  dark 
brown,  and  about  an  inch  long.  A  few  of  them  flying  about  a  room 
make  enough  light  to  distinguish  large  objects,  and  two  or  three  in 
a  small  bottle  give  light  enough,  when  held  near  the  page,  to  read 
ordinary  print.  They  are  found  mainly  in  the  interior.  At  Bass- 
en-ville  they  were  very  abundant. 

We  also  look  a  number  of  large  yellow  and  black  weevils  which 
were  found  on  the  plantain  and  banana  plants. 

The  name  "  La  Belle  "  is  applied  by  the  natives  to  all  beetles. 

Several  large  green  katydids,  called  by  the  inhabitants  "Crak 
Crak,"  were  also  taken,  and  enormous  cockroaches,  or  "  Drummers," 
were  very  abundant,  especially  in  the  houses. 

We  also  found  a  few  mole-crickets  and  a  walking-stick  but  they 
were  both  rare. 

No  true  scorpions  were  seen  but  a  large  whip-scorpion  was  ob- 
tained and  also  several  large  myriapods  or  centipedes. 

The  collection  of  Land  Mollusca,  consisting  of  about  twenty 
species,  several  of  them  probably  new,  is  now  in  the  hands  of  Mr. 
H.  A.  Pilsbry  of  Philadelphia,  for  working  up.  As  soon  as  this  is 
done  a  list  will  be  published. 
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EXPLANATION  OF  PLATES. 
Plate  XXV. 

Pig.  I.     Nest  and  female  of  Eulampis  jugtUariSf  "  Fou  Fou  Mardet/'  ^  natural  size. 

p.  331. 
Fig.  2.     Cup-shaped  neet  and  eggs  of  Eulampis  hohaericeus^  "Fou  Fou  T4te-longue," 

\  natural  size.    p.  332. 
Fig.  3.     Nest  of  Coareba  daminicanoy  "Sucrier,"  }  natural  size.    p.  341. 
Fig.  4.     Nest  of  Oichlherminia  dominicensis,  ''  Monry,"  A  natural  size.    p.  347. 
Figs.  5  and  6.     Eggs  of  Blacicua  brunnekapiUus^  "  Gobe-mouche,*'  natural  size.  p.  337. 
Figs.  7  and  8.     Egg^  of  Elamea  payana  martinica^  "Cbeweck/*  natural  size.    p.  337. 
Figs.  9  and  10.     Eggs  of  Ccbt^hi  domintcana^  "  Sucrier,'*  natural  size.    p.  341. 
Fig.  11.     Egg  of  Dendroica  petechia  metanaptera,  ''Teeteen/'  natural  size.    p.  342. 

Plate  XXVI. 

^gs.  1  and  2.    Nests  of  EtUampis  holoaericeuSy  "Fou  Fou  Tdte-longue,'*  natural  size. 

p.  332. 
Fig.  3.     Nest  of  Bellona  exilia^  "Fou  Fou  Bequar,"  natural  size.    p.  335. 
Figs.  4  and  5.     Xests  of  Thalurania  hkohr^  "Fou  Fou  Bleu,"  natural  size.     pp.  334 

and  333. 
Fig.  6.     Nest  of  Belltma  exUis  "  Fou  Fou  Bequar,"  natural  size.    p.  334. 

Plate  XXVII. 
Pig.  1.     Thryothorua  rufeseena^  "  Rosingnole,"  adult  male,  J  natural  size.    p.  343. 
Fi;^.  2.     Dmdroka  plumbea^  "  Pa-pia,"  adult  female,  }  natural  size.    p.  342. 
Tig.  3.     Mimodchla  verriUorum^  "  Perro-vanter,"  adult  female,  \  natural  size.    p.  347. 

The  above  photo-lithograpbio  plates,  by  Mr.  B.  Crisand,  of  New  Haven,  are  made 
directly  from  photog^phs  of  the  original  specimens. 


Note. — Since  the  previous  pages  were  printed  I  find  that  in  preparing  my  list  of 
the  Reptiles  and  Batrachians,  I  unfortunately  overlooked  an  article  by  Dr.  A.  Gunther 
(Ann.  and  Mag.  Nat.  Hist  (6),  II,  p.  362),  on  the  collection  made  by  Mr.  Ramage^ 
and  one  by  Mr.  Samuel  Garman  (Bull.  Ess.  Inst ,  XIX,  p.  1),  on  the  collections  in  the 
Museum  of  Comparative  Zoology,  at  Cambridge. 

Dr.  Gtinther  enumerates  ten  species,  of  which  two,  Thecadactylus  rapicauda  (Houtt.) 
and  Ameiva  fuscata  Garman  (I  c.  p  5),  are  additional  to  my  list,  though  the  latter  is 
probably  the  other  "Arbalo"  seen,  but  not  obtained,  by  us.  Sphcirodaciylua  copii 
(Steind.),  also  recorded  by  him,  is  possibly  the  same  as  our  5.  oxyrhiima  Qosse.  In 
this  paper  Dr.  GQnther  unites  Xiphoswrvs  ocutatua  Cope  with  Anolis  alliaceus  Cope, 
and  Mabuia  dominicana  Garman  with  M.  agiiis  (Radde),  of  these,  the  two  former  are 
doubtless  the  same  as  our  A,  leachii  Gray,  and  the  two  latter  identical  with  our  M, 
agiHs  nigropunctata  Spix. 

Ebratum. — Page  350,  fifth  line  from  bottom,  and  page  351,  third  line  from  bottom, 
for  **Lawr."  read  "Laur." 
Trahs.  Conn.  Acad.,  Vol.  VIII.  47  April,  1892. 


XX. — On  a  Collection  of  Land   Mollusca  from  the   Island 
OF  Dominica,  West  Indies.    By  Henby  A.  Pilsbby. 

Collections  of  the  land  mollusks  of  Dominica  have  been  made 
by  Mr.  R.  Lechmere  Guppy,*  Mr.  A.  D.  Brown,t  Mr.  G.  F.  Angas,{ 
Mr.  G.  A.  Ramage§  and  Dr.  Benj.  Sharp.]  The  present  list  is 
based  upon  a  collection  made  in  March,  April  and  May,  1890,  by 
Messrs.  G.  E.  and  A.  H.  VerrilLf 

In  Mr,  E.  A.  Smith's  reports  upon  the  collections  made  by  Mr. 
Ramage,  a  full  list  of  the  land  moUascan  fauna  of  the  island  is 
compiled  from  the  reports  of  previous  investigators.  To  that  paper, 
therefore,  the  student  is  referred  for  references  to  the  literature  of 
the  fauna. 

HELICID^. 
Helix  (Dentellaria)  nigrescens  Wood.   (ii846).** 

A  color  variety  (11854)  is  yellowish-olive,  becoming  brown  toward 
the  lip  and  in  front  of  the  aperture. 

H.  (Dentellaria)  badia  F^r.   (ii826). 

H.  (Dentellaria)  josephinee  Fer.  (U844,  ii829). 

BULIMULIDuE. 
Bulimulus  laticinctus  Guppy.   (ii846). 

This  is  no  doubt  a  local  variety  of  the  five-banded  B,  multifascia' 
tu8,  in  which  two  of  the  bands  are  confluent,  the  band  formula  being 
1(28)45,  whilst  that  of  typical  mtUtifascicUus  is  12345. 


*  See  Guppy's  report  in  Annals  and  Magazine  of  Nat.  Hist.  (4),  I,  p.  429,  1868. 

f  American  Naturalist,  1881,  p.  06.  Mr.  Brown's  .specimens  are  now  in  the  collec- 
tion of  the  Academy  of  Natural  Scienoes  of  Philadelphia. 

X  Proc.  Zool.  Soc,  1883,  p.  594. 

§  See  E.  A.  Smith's  reports  in  Ann.  and  Mag.  N.  H.  (6)  II,  p.  227,  419. 

I  The  specimens  collected  by  Dr.  Sharp  are  in  the  collection  of  the  Academy  of 
Natural  Sciences  of  Philadelphia. 

^  This  collection  is  in  the  Museum  of  Yale  College. 

**  The  figures  refer  to  the  museum  numbers  of  the  Yale  College  collection. 


H,  A,  PUsbry — MoUnaca  from  the  Idand  of  Dominica.     367 

B.  eziliS  Gmel     (1182*7,  11856,  11851,  11855,  11847). 
The  following  color-forms  are  represented: 

(1)  Horn  colored,  bandless  (11827). 

(2)  Horn  colored,  having  a  faint  peripheral  band  (11847,  11851). 

(3)  Horn  colored,  having  a  couspicnous  dark  band  (11856). 

(4)  Having  three  dark   purple-brown  bands,  the   upper  and  lower  bands  wider 

(11855). 

B.  nichoUsii  a.  D.  Brown.     (11850,  11848,  11849). 

A  species  peculiar  to  Dominica. 
Amphibnlima  patula  Brug.  (ii828,  ii835). 

STENOOYRIDJE. 
Stenogyra  octona  Chemn.    (ii852,  ii840). 

VAGINULID^.  ^ 
Vaginnla  punctatissima  Semper,   (iisso). 

Not  before  reported  from  Dominica.  The  black  blotches  of  the 
ventral  surface  are  much  more  conspicuous  than  one  would  suppose 
from  Semper's  figure, 

HELICINID^. 
Helicina  rhodostoma  Gray.   (ii842,  ii853,  i]84i). 

The  usual  variations  in  lip  coloring,  from  yellow  to  deep  red,  are 
represented. 

H.  epistilia  Quppy.    (ii839). 

A  single  specimen  may  be  referred  to  this  unfigured  and  rare 
species. 

H.  yelutina  Ouppj.   (iissY,  usss). 

The  specimens  are  a  trifle  more  depressed  than  H,  rufa  Pfr.  from 
Ynma,  Haiti,  but  the  difference  is  so  slight  that  I  am  wholly  dis- 
posed to  consider  Guppy's  species  a  synonym  of  the  earlier  described 
Haitian  form.  Pfeiffer's  description  of  H,  rufa  is  imperfect,  as  the 
delicate  velvety  character  of  the  cuticle  is  not  noticed  by  him.  I 
have,  however,  compared  specimens  from  Yuma  with  the  Dominican 
shells,  and  am  satisfied  that  they  are  identical. 

NERITID^. 
Neritina  punctulata  Lam.   (ii825). 

The  specimens  were  collected  from  the  Layou  River  at  Bass-en- 
Ville,  at  an  altitude  of  about  2000  ft.  They  are  large,  and  have 
the  mouth-callus  of  a  dull  reddish  color. 
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CYCLOPHORIDJE. 

Cyclophorus  (Amphicyolotus)  amethystinus  Guppy.   (ii843). 

There  can  be  no  doubt  that  this  species  is  distinct  from  C, 
schrammi,  although  the  young  greatly  resemble  the  latter.  It  is 
known  only  from  Dominica. 

Note.  —  In  the  above  article  it  will  be  seen  that  Mr.  Pilsbry 
makes  but  fourteen  species  and  none  of  them  are  new,  several 
specimens  which  had  been  supposed,  in  a  hasty  examination,  to  be 
different  species  proving  to  be  only  color  varieties  of  the  other 
described  forms. 

The  small  number  of  species  obtained  by  us  was  doubtless  due  to 
the  fact  that  our  collections,  as  stated  at  the  beginning  of  my 
article,  were  made  almost  exclusively  at  a  considerable  elevation 
(from  1000  to  2600  feet),  and  no  doubt  mainly  above  the  range  of 
many  species  such  as  Succinea  approximanSy  Amphibidima  rubes- 
censj  Leptinaria  lamellatay  Helix  dentiens,  Hdicina  fasciata^  H. 
antillanim,  etc. 

A  large  part  of  the  MoUusca  were  collected  in  the  vicinity  of 
Bass-en-ville,  at  about  2000  feet  elevation,  and  in  the  midst  of  the 
deep  woods,  which  may  also  account  for  the  absence  of  some  species 
that  frequent  the  gardens  and  plantations. 

Here  we  found  JSelicina  rhodostoma  abundant  on  the  trunks  of 
trees  and  old  stumps  about  our  camp. 

The  Layou  River  flowed  past  our  camp  at  this  point,  and  in  it 
Neritina  punctulata  was  exceedingly  abundant.  All  the  speci- 
mens we  saw,  and  we  examined  hundreds,  were  marked  by  cavities, 
varying  much  in  size  but  often  very  deep  and  wide,  which  had  the 
appearance  of  having  been  drilled  or  bored  out.  In  many  cases 
these  holes  covered  the  whole  shell,  but  I  think  we  never  found 
any  that  had  penetrated  entirely  through  it. 

Stenogyra  octona  was  very  abundant  under  logs  and  stones  in  the 
vicinity  of  all  our  camps. 

Vayinula  punctatissima  was  not  common,  but  we  found  several 
specimens  under  logs  and  stones  in  the  vicinity  of  Spring  Hill. 

Bulimxdus  laticinctus  was  found  rather  commonly  near  Laudat 
on  the  plantain  and  banana  plants. 

In  Mr.  .E.  A.  Smith's  articles,  mentioned  above  by  Mr.  Pilsbry, 
there  are  enumerated  thirty-four  species  of  land  mollusks  inhabit- 
ing Dominica;  of  these  a  few  seem  to  be  of  doubtful  identity,  or 
hardly  entitled  to  specific  rank,  but  there  are  probably  over  thirty 
good  species  now  known  from  this  island. — G.  E.  Ysrbill. 


XXI. — New  England  Spiders  of  the  Family  Thomisid^. 

By  J.  H.  Emebton. 

ThomisidsB. 

In  the  Thomisidce  the  oephalothorax  and  abdomen  are  both  flat- 
tened. The  oephalothorax  is  about  as  wide  as  long,  and  the  abdomen 
is  asually  widest  behind.  The  legs  are  turned  outward  and  forward 
more  than  downward,  so  that  the  body  is  carried  close  to  the  ground, 
and  some  species  walk  more  readily  sidewise  than  forward. 

The  family  consists  of  two  groups  or  sub-families,  the  Thomisince 
and  the  Philodromince, 

In  the  Thomisinae  the  first  and  second  pairs  of  legs  are  about 
equal  in  length  and  much  longer  than  the  third  and  fourth.  The  feet 
have  two  claws  and  under  them  a  small  cluster  of  hairs  like  the  rest 
of  the  hairs  on  the  leg. 

In  the  PhilodromincB  the  legs  are  more  nearly  equal  in  length,  all 
long  and  slender,  and  the  second  pair  usually  longest.  The  feet 
have  two  claws  and  under  them  a  large  cluster  of  long  hairs,  wid- 
ened and  flat  at  the  end. 

The  eyes  of  the  Thomisidce  are  small  and  nearly  of  the  same  size 
and  have  a  simple  arrangement  in  two  rows.  The  maxillse  are  short 
and  narrow  at  the  ends.  The  males  usually  differ  considerably  in 
size  and  color  from  the  females,  and  in  some  species  the  males  are 
very  much  smaller  than  the  females. 

The  Thomisidw  live  mostly  on  plants,  and  in  winter  hide  in  cracks 
and  under  stones  and  bark.  Their  colors  resemble  the  plants  on 
which  they  live,  most  species  being  marked  with  gray  and  brown  like 
bark,  while  those  living  on  flowers  are  brightly  colored,  white  and 
yellow.  They  make  no  webs  and  no  nests  except  a  few  threads  to 
hold  the  cocoon  and  conceal  it  by  drawing  together  a  leaf  over  it. 

A  large  part  of  the  New  England  species  have  been  described,  a 
few  of  them  by  Hentz  in  the  Journal  of  the  Boston  Soc.  Nat.  Hist., 
vol.  v,  but  more  by  E.  Keyserling  in  the  Proceedings  of  the  zool. 
botan.  gesellschaf  t  of  Vienna  and  in  a  separate  book  on  the  "  Spinnen 
Americas,  LaterigradsB,"  published  in  1880.  The  spiders  in  the  Mu- 
seum of  Comparative  Zoology  at  Cambridge  have  been  named  by 
Keyserling  and  among  them  are  several  of  the  New  England  species 
which  have  been  compared  with  my  own  specimens. 

While  this  paper  was  printing,  Mr.  Nathan  Banks  published  in 
the  Proc.  Acad.  Nat.  Sci  of  Philadelphia,  a  Catalogue  of  the  spiders 
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of  the  upper  Cayuga  Lake  basin  (Ithaca,  N.  Y.),  with  descriptions 
of  many  new  species.  Mr.  Banks  has  let  me  examine  his  spiders 
and  his  names  have  been  used  for  several  species. 

Xysticus. 

The  body  is  short  and  flat.  The  cephalothorax  is  as  wide  as  long, 
nearly  square  in  front  and  half  as  wide  across  the  eyes  as  it  is  at  the 
widest  part. 

The  front  row  of  eyes  is  almost  straight  and  the  four  middle  eyes 
form  a  square  or  a  rectangle  wider  than  long. 

The  abdomen  is  not  much  larger  than  the  cephalothorax,  widest 
across  the  hinder  half  and  not  pointed  behind.  The  legs  are  short  in 
the  females,  the  first  and  second  pairs  nearly  equal  and  longer  than 
the  third  and  fourth  which  are  also  of  nearly  the  same  length.  The 
males  have  the  legs  longer  and  the  first  and  second  pairs  proportion- 
ally longer  than  the  females. 

The  males  are  a  little  smaller  than  the  females  and  darker  colored. 
The  male  palpi  are  short.  The  tibia  has  a  short  simple  process  on 
the  outer  side  and  a  crooked  and  more  complicated  one  underneath. 
The  tube  of  the  palpal  organ  begins  on  the  inner  side  of  the  tarsus 
and  extends  around  the  bulb  to  the  outer  side  where  it  rests  in  a 
small  thin  process  turned  outward.  On  the  under  side  of  the  bulb 
are  two  processes  of  various  shapes  in  different  species. 

The  epigynum  has  a  rounded  opening  variable  in  shape  even  in 
the  same  species,  sometimes  simple  and  sometimes  divided  by  a 
median  ridge. 

Xysticus  limbatUS  Keys.,  Spinnen  Americas,  1880. 

The  female  X,  crudelis  Banks,  and  X.  brunneus  Banks,  appear  to  bo  this  species, 
but  the  male  X.  limhatus  Banks  is  different  from  my  X.  Umhatus  and  nearer 
the  male  X.  limhatus  Keyserling. 

Plate  XXVIII,  figures  1~1/<. 
This  is  one  of  the  largest  species,  the  females  measuring  8  or  10*"™ 
long  and  the  cephalothorax  4"^™  wide. 

The  colors  are  light  brown  spots  of  various  shades  on  a  nearly 
white  ground,  some  individuals  being  very  pale  and  others  nearly 
covered  by  the  brown  spots.  In  half  grown  individuals  the  mark- 
ings are  most  distinct  and  are  like  those  of  Hentz's  figure  of  Thorn- 
isus  ferox  which  is  very  likely  this  species,  PI.  xxviii,  fig.  \h»  In 
these  the  sides  of  the  thorax  are  light  brown  and  the  abdomen  has 
on  each  side  three  or  four  nearly  square  brown  spots  darkest  on  the 
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front  and  outer  edges.  The  middle  of  the  cephalothorax  has  a  light 
marking  tapering  behind  to  the  dorsal  groove  which  is  marked  by  a 
dark  spot.  This  legs  have  a  distinct  fine  light  line  on  the  dorsal  side 
and  are  marked  all  over  with  small  light  brown  spots  without  any 
distinct  bands  or  patches  except  that  the  fourth  femur  and  tibia  are 
darker  at  the  ends.  In  the  adults  the  markings  are  less  distinct  and 
that  of  the  middle  of  the  cephalothorax  darker  so  as  to  obscure  the 
lateral  stripes.  PI.  xxvin,  figs.  1,  la.  The  males  have  the  same 
markings  but  darker.  Fig.  la.  The  epigynum,  figs.  \d^  Ic,  1/,  has 
a  simple  opening  of  various  shapes,  sometimes  with  a  low  and  indis- 
tinct ridge  through  the  middle.  The  male  palpus  has  a  large  and 
complicated  hook  under  the  tibia  turned  a  little  toward  the  outer 
side  so  as  to  be  visible  from  above.  Fig.  \h.  The  processes  of  the 
bulb  are  large  and  dark  colored,  the  under  one  pointed  and  directed 
inward,  and  the  other  wide  at  the  end  and  turned  backward  to  the 
base  of  the  bulb.     Fig.  \g. 

Males  from  Medf ord  and  Peabody,  Mass.  Females,  Dedham,  Pea- 
body,  Cambridge,  Maiden,  Salem,  Mass  ;  Simsbury,  Conn.  Both 
sexes  from  Brooklyn,  Long  Island,  N.  Y.,  N.  Pike.  A  female  with 
cocoon  partly  covered  by  a  folded  leaf  was  found  June  10. 

The  specimens  in  the  Museum  Comp.  Zool.  at  Cambridge,  named 
by  Keyserling,  are  all  females.  The  male  which  I  suppose  to  belong 
to  this  species  is  not  the  limbatus  Keys.,  but  probably  ^.  eUgana 
Keys. 

XystiCUS  gulOSUS  Keys. 

^  =  X  locuples  Keys.,  Spianen  Americas,  1880  ;  and  X  lentus  Banks. 
Plate  XXVIII,  figures  2-.2c. 

The  female  is  6  to  S™*"  long  with  the  cephalothorax  3"""  wide. 
The  color  is  grayish  brown  and  very  uniform,  the  usual  marking 
showing  indistinctly  among  the  fine  brown  spots  that  nearly  cover 
the  body.  The  femora  are  light  on  the  ventral  side  and  have  two  or 
three  large  spots  along  the  middle.  The  femora  are  darker  toward 
the  end,  those  of  the  fourth  pair  having  a  distinct  black  spot  near  the 
end.  The  abdomen  has  usually  only  a  pair  of  irregular  black  lines 
across  near  the  middle,  and  several  smaller  and  les.s  distinct  behind 
it.     PI.  XX VIII,  figs.  2,  2a. 

The  epigynum  has  an  oval  opening  wider  than  long,  in  which  are 
two  oval  ridges  directed  backward.     Fig.  2c. 

The  male  palpus  has  the  under  tibial  process  wide  and  turned  out* 
ward  at  the  end.     The  tube  of  the  palpal  organ  is  unusually  long  and 
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slender  and  has  a  long  outward  carve  at  the  tip  and  a  long  thin  pro- 
cess to  support  it.     Fig.  2b, 

Salem  and  Beverly,  Mass.,  under  stones  ;  Long  Island,  N.  Y.,  N. 
Pike. 

XystiCUS  StomachoSUS  Keys.,  Spmuen  Americas,  1880. 

A  small  female  apparently  of  this  species  is  named  X  benefactor  in  the  Mus. 
Comp.  Zool.  Cambridge. 

Plate  XXVIII,  pigures  3-3rf. 

This  is  a  little  smaller  than  limhatus.  A  mature  female  measures 
QiDiD  long  and  the  thorax  3"™  wide.  The  largest  males  are  as  large 
as  small  males  of  limbattie.  The  brown  markings  are  grayer  than  in 
limbatiu  and  less  evenly  distributed  over  the  body.  The  lateral 
dark  bands  of  the  cephalothorax  are  very  distinct  and  have  a  darker 
line  on  the  outer  edge  and  two  darker  spots  behind  under  the  front 
of  the  abdomen.  The  middle  of  the  cephalothorax  is  light,  but  a 
little  darker  toward  the  front  of  the  head. 

The  brown  markings  of  the  abdomen  are  light  with  black  spots 
along  the  front  and  outer  edges  of  each  marking.  The  first  and 
second  legs  are  covered  with  small  brown  spots  darker  and  closer  at 
the  ends  of  the  joints.  The  third  and  fourth  legs  are  lighter  and 
have  darker  spots  at  the  ends  of  the  joints,  the  fourth  legs  having 
conspicuous  dark  spots  on  the  ends  of  patella  and  tibia.  PI.  xxviii, 
figs.  3,  3a. 

The  epigynum  has  a  wider  opening  than  limbatus,  divided  by  a 
flat  ridge  at  the  hinder  edge.     Fig.  3d. 

The  male  palpus  has  the  under  process  of  the  tibia  small  and 
divided  at  the  end  into  two  blunt  knobs.  The  tube  is  stout  and 
black  and  ends  between  two  large  thin  processes  on  the  outer  side. 
PI.  XXVIII,  figs.  Shy  3c.  The  processes  of  the  bulb  are  small  but  ex- 
tend outward  from  its  surface.  The  anterior  process  is  attached 
near  its  middle  and  pointed  at  both  ends.     Figs.  36,  Sc. 

Readville,  Brookline,  Saugus,  Swampscott,  Mass.;  New  Haven, 
Conn.;  Long  Island,  N.  Y.,  N.  Pike's  collection. 

XystiCUS   nerVOSUS    Banks. 

Plate  XXVIII,  figures  4-4d. 

Female  6"'"  long,  and  cephalothorax  3"™  wide.  The  markings  of 
both  sexes  are  very  indistinct  and  much  alike.  The  general  color  is 
light  brownish  yellow  with  darker  and  lighter  markings  scattered  in 
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small  spots  all  over  the  body.  The  middle  of  the  cephalothorax  is 
as  asnal  light  colored  with  a  few  brown  markings  in  the  middle  and 
toward  the  eyes.  The  sides  of  the  cephalothorax  are  darker  with 
irregular  brownish  lines.  The  abdomen  has  three  or  four  pairs  of 
indistinct  brown  spots,  in  front  of  which  and  on  the  front  of  the 
abdomen  are  irregular  small  white  spots.  The  legs  are  marked  in 
the  same  way  with  irregular  light  and  dark  spots,  the  first  and 
second  pairs  a  little  darker  than  the  others.    PI.  xxviii,  figs.  4,  4a. 

In  the  males  the  first  and  second  legs  are  very  long  and  slender, 
the  second  twice  as  long  as  the  third  pair.  The  markings  are  a  little 
brighter  and  more  distinct  than  in  the  female.  The  under  process 
of  the  tibia  of  the  male  palpus  is  curved  and  turned  outward  at  the 
end  as  in  gtdosus.  The  processes  of  the  bulb  are  long  and  the  ante- 
rior one  has  a  complicated  twist  at  the  end.     Figs.  4c,  4d^  4e, 

The  epigynum  has  a  large  oval  opening,  widest  behind,  in  which 
are  two  smaller  openings  divided  by  a  narrow  ridge,  fig.  46. 

Medford,  Readville,  Mass. ;  Long  Island,  N.  Y.,  N.  Pike. 

XystiCUS  trigUttatUS  Keys.,  Spinnen  Americas,  1880. 

The  spider  named  JT.  ferocltta  by  Keyserling  in  the  Museum  of  Comp.  Zoology, 
Cambridge,  is  the  female  of  this  species  and  so  is  X  feroclus  Banks. 
Plate  XXIX,  piourbs  l-ld. 

The  female  is  5  or  e*""*  long  and  the  cephalothorax  2"'".  The  fegs 
of  the  female  are  white  or  yellowish  with  a  few  black  hairs  and 
small  spots  around  the  ends  of  the  femora.  The  cephalothorax  is 
yellowish  brown  with  a  line  of  black  marks  each  side  ending  in  a 
distinct  black  spot  at  the  hinder  end.  The  third  black  spot  is  just 
behind  the  dorsal  groove.  The  middle  of  the  cephalothorax  is  very 
light  behind  and  darker  toward  the  front  and  middle  of  the  head, 
PL  XXIX,  fig.  1,  and  the  area  between  the  eyes  is  white.  The 
abdomen  is  white  with  two  small  black  spots  in  front  and  several 
lines  of  black  spots  broken  in  the  middle  across  the  hinder  half. 

The  male  is  as  large  as  the  female  and  much  darker  in  color. 
The  markings  of  the  cephalothorax  are  like  those  of  the  female,  but 
darker.  The  femora  of  the  first  and  second  legs  are  dark  brown 
and  the  rest  of  the  legs  dull  yellow.  The  tarsus  of  the  male  palpus 
is  white  and  the  rest  dark.  The  abdomen  has  very  dark  markings, 
those  of  the  hinder  half  usually  running  entirely  across,  with  white 
l>etween.     Fig.  la. 

The  epigynum  has  a  large  shallow  oval  opening,  in  the  middle  of 
which  is  a  small  hole  with  a  hard  projecting  ridge  each  side.    Fig.  Ic, 

Tbahs.  CJonn.  Acad.,  Vol.  VIII.  48  April,  1892. 
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The  male  palpus  has  the  tube  stout  and  extending  almost  entirely 
around  it.  The  processes  of  the  bulb  are  small  and  the  posterior 
one  blunt  and  notched  at  the  end.     Fig.  le^. 

This  is  a  very  common  species  in  grass  and  low  plants  all  over 
New  England.  In  Psyche,  vol.  v,  I  have  described  the  pairing  of 
this  species.  The  female  held  herself  on  a  blade  of  grass,  head 
downward,  with  the  abdomen  turned  away  far  enough  for  the  male 
to  reach  under,  from  above,  to  the  epigynum. 

Xysticus  graminis,  new  sp. 

Plate  XXIX,  fioitrbs  2-26. 

This  species  resembles  in  color  and  markings  the  male  of  JT. 
triguttatus.  It  is  a  little  larger  and  darker,  and  there  is  less  con- 
trast between  the  light  and  dark  portions.  The  legs  are  shorter  and 
stouter  and  the  patella  and  tibia  of  the  first  and  second  legs,  as  well 
as  the  femur,  are  dark  brown.  The  ends  of  these  legs,  as  well  as 
the  third  and  fourth  pairs,  are  light  yellow  brown,  not  as  white  as 
in  triguttatus.  The  dark  bands  on  the  cephalothorax  are  not  so 
distinctly  broken  into  black  marks  as  in  triguttatus,  nor  are  the 
three  spots  as  distinct.  The  markings  of  the  abdomen  do  not  extend 
across  the  front  half  and  the  lighter  parts  are  not  as  white  as  in 
triguttatus.     PI.  xxix,  fig.  2. 

The  male  palpus  resembles  that  of  triguttatus,  but  the  processes 
of  the  bulb  are  longer  and  both  pointed  and  directed  inward. 
Fig.  2a. 

The  female  is  6""*  long  and  the  cephalothorax  is  S""  long  and  3°*" 
wide.  The  legs  are  short  and  stout.  The  color  is  dark  brown  with 
very  small  light  markings.  The  front  of  the  head  is  wide  and  light 
colored,  with  a  distinct  white  band  under  the  upper  row  of  eyes, 
behind  which  is  a  very  dark  brown  line.  The  dark  patches  on  the 
sides  of  the  thorax  are  partly  divided  into  two,  the  inner  halves 
ending  in  darker  spots,  as  in  triguttatus  and  stomachosuSy  but  less 
distinctly  marked.  In  the  middle  of  the  cephalothorax  is  a  triangu- 
lar dark  area  narrowing  to  a  dark  spot  behind,  and  each  side  of  this 
a  light  line  narrowing  forward  to  the  eyes.  The  abdomen  is  dark 
with  alternate  narrow  darker  and  white  markings  across  the  hinder 
half  and  obliquely  down  the  sides.  The  legs  are  covered  with  small 
brown  spots.  The  first  and  second  femora  are  lighter  on  the  front 
side,  and  the  third  and  fourth  legs  have  a  light  line  on  the  dorsal 
side.  The  femora  of  the  third  and  fourth  legs. have  a  dark  spot  at 
the  end.     The  under  side  is  dark  with  small  brown  spots,  and  the 
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spinnerets  and  epigynum  are  each  covered  by  a  very  dark  round  spot. 
The  epigynum  resembles  that  of  triguttatue. 

Males  from  Peabody  and  Saugus,  Mass.  Females,  Brookline, 
Mass.,  S.  Henshaw. 

XystiCXlS  formOSUS  Banks. 

Platb  XXIX,  FIOURKS  3,  3a. 

The  male  is  6°""  long  and  the  cephalothorax  2*5™™  wide.  The 
dark  sides  of  the  cephalothorax  extend  toward  the  middle  behind  the 
eyes  so  that  the  middle  light  portion  is  narrower  than  usual.  The 
parts  around  the  eyes  are  white  and  so  is  the  back  of  the  cephalo- 
thorax around  the  dorsal  groove.  The  hinder  ends  of  the  dark 
bands  are  nearly  black  where  they  pass  under  the  front  part  of  the 
abdomen.  The  abdomen  is  white  in  the  middle  with  irregular 
brown  spots,  and  the  sides  are  dark  brown,  in  angular  patches  that 
do  not  extend  as  far  toward  the  middle  as  usual.  The  legs  are 
covered  with  irregular  brown  spots  and  the  patella  and  tibia  of  the 
first  and  second  legs  are  much  darker  than  the  rest.     PI.  xxix,  fig.  2. 

The  tibia  of  the  male  palpus  has  a  very  small  hook  underneath, 
but  the  outer  process  is  longer  than  usual  and  between  it  and  the 
inferior  process  is  a  wide  flat  tooth.  Fig.  2a.  The  palpal  organ  is 
very  simple,  the  usual  processes  of  the  bulb  being  represented  only 
by  a  very  short  flat  ridge.     Fig.  2a. 

Only  one  male  from  West  Roxbury,  Mass. 

XystiCUS  quadrilineatUS  Keys.,  Spinnen  Americas,  1880. 
Plate  XXIX,  fioqres  4,  4a. 
Female  7"™  long.  Cephalothorax  2-6°^"^  wide.  In  this  species  the 
cephalothorax  is  unusually  wide  in  front.  The  color  is  light  yellow 
with  light  brown  markings  and  black  spots.  The  cephalothorax  has 
four  narrow  brown  stripes,  one  each  side  close  to  the  edge,  and  the 
others  running  back  from  the  lateral  eyes.  There  are  also  two  fine 
brown  lines  in  the  middle,  sometimes  extending  from  the  eyes  to  the 
dorsal  groove,  but  usually  broken  in  the  middle.  There  is  a  brown 
spot  just  behind  the  dorsal  groove  and  two  others  on  the  middle  of 
the  back,  half  way  between  the  groove  and  the  middle  eyes.  On 
the  abdomen  there  are  two  black  spots  at  the  front  end,  two  in  the 
middle  and  two  near  the  hinder  end,  besides  several  smaller  ones 
along  the  sides.  There  are  four  light  brown  lines  across  the  hinder 
half,  each  with  a  white  line  behind  it,  and  there  are  oblique  brown 
lines  alternating  with  white  at  the  sides.      PI.  xxix,  fig.  4.     The 
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legs  have  the  usual  light  line  along  the  dorsal  side  and  are  covered 
with  fine  brown  spots  without  any  distinct  markings.  The  epigynum 
has  an  oblong  opening,  widest  behind.     Fig.  4a. 

Medford,  Swampscott,  Beverly,  Mass. ;  Long  Island,  N.  Y.,  N. 
Pike. 

Xysticus  inomatus,  new  sp. 

Plate  XXIX,  pigurbs  5-66. 

The  adult  female  is  5"™  long,  with  ,the  cephalothorax  2"*™  wide. 
It  is  less  flattened  than  most  species  aiM  has  the  cephalothorax 
rounded  up  in  the  middle,  where  it  is  much  higher  than  the  eyes. 
PI.  XXIX,  fig.  5.  The  cephalothorax  is  dark  brown,  almost  black, 
with  a  lighter  line  in  the  middle  and  a  white  line  each  side  near  the 
edge.  The  legs  are  colored  in  the  same  way,  but  the  thin  parts 
between  the  joints  are  white.  The  tarsi  of  all  the  legs  are  lighter 
than  the  rest.  At  the  base  of  the  first  and  second  femora,  in  front, 
are  white  spots,  and  the  third  and  fourth  legs  have  white  longitud- 
inal stripes.  The  under  side  of  the  cephalothorax  and  legs  are  of 
the  same  color,  with  white  joints.  The  abdomen  is  light  gray  with 
indistinct  lighter  lines  at  the  sides  and  small  light  spots  in  the 
nliddle.  PL  xxix,  ^g.  5.  The  epigynum  has  a  small  opening,  with 
two  wide  anterior  and  two  sharp  posterior  projections  from  its 
edges.     Fig.  db. 

Two  young  specimens  less  than  half  as  large,  have  all  the  dark 
portions  light  yellowish  brown. 

Adult  from  Medford,  Mass.;  young  from  Beverly,  Mass.,  and 
New  Haven,  Conn. 

Oxyptila  Simon,  1864. 
This  genus  differs  little  from  Xysticus,  The  cephalothorax  is 
flatter  in  the  middle  and  the  head  narrower.  The  middle  eyes  of 
both  rows  are  nearer  together  so  that  they  form  a  rectangle  iQnger 
than  wide.  The  middle  eyes  of  the  front  row  and  usually  of  both 
rows  are  farther  forward  than  in  Xysticus^  so  that  both  rows  of  eyes 
are  more  curved.  There  is  less  difference  between  the  length  of  the 
front  and  hind  legs  in  the  males  than  in  Xysticus,  The  dark  mark- 
ings of  the  thorax  often  approach  each  other  behind,  as  in  our  species. 

Ozyptila  cinerea,  new  sp. 

Plate  XXIX,  figures  6,  6a. 
This  male  is  4*5™'"  long  and  the  cephalothorax  2'5'"'"  long  and  2"" 
wide.     The  colors  are  grayish  brown  and  white.     The  light  portion 
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of  the  cephalothorax  is  narrowed  near  the  dorsal  groove  and  widened 
in  front  a  little  behind  the  eyes.  PI.  xxix,  fig.  6.  The  abdomen 
has  the  usual  markings,  all  indistinct.  The  legs  are  marked  more 
nearly  alike  than  in  the  other  species.  The  femora  are  all  thickly 
spotted  with  brown,  and  the  third  and  fourth  have  a  large  dark  spot 
at  the  end.  The  other  joints  are  all  light  with  dark  rings  at  the 
ends.  The  inferior  process  of  the  tibia  of  the  male  palpus  is  large, 
rounded  at  the  base,  and  turned  outward  at  the  tip.  PI.  xxix,  fig. 
6a.  The  processes  of  the  bulb  are  small  and  both  turned  inward 
at  the  points.  The  tarsus  is  curved  downward  a  little  at  the  end. 
One  male,  only,  from  the  White  Mountains,  New  Hampshire. 

Coriaxachne  Thoreii. 
The  cephalothorax  and  abdomen  are  both  very  much  flattened, 
not  more  than  half  as  high  in  proportion  to  their  width  as  in 
Xysticjis,  The  cephalothorax  is  flat  on  the  top,  not  rounded  up 
from  the  middle,  as  in  XyBiicua.  The  head  is  narrower  and  more 
distinctly  separated  from  the  thorax  by  depressions  at  the  sides. 
The  arrangement  of  the  eyes  is  the  same  as  in  Xysticvs^  except  that 
the  two  rows  are  nearer  together  and  lower.  The  male  palpus  has 
a  small  thin  tooth  on  the  end  of  the  outer  process  of  the  tibia  and 
there  are  no  appendages  to  the  under  side  of  the  bulb  as  there  are  in 
Xysticits, 

Coriarachne  versicolor  Keys.,  Spinnen  Americas,  Laterigradae,  1880. 
Plate  XXIX,  figures  7-ta. 

The  female  is  5  or  6™*"  long  with  the  cephalothorax  2*5™™  wide. 
The  colors  are  black  and  gray  on  a  white  or  yellowish  ground,  in 
irregular  spots  that  vary  in  size  in  different  individuals.  There  is 
usually  a  dark  spot  in  the  middle  of  the  cephalothorax  in  front  of 
the  dorsal  groove,  and  behind  the  eyes  are  four  spots  more  or  less 
run  together  and  connected  with  smaller  spots  behind  them.  Along 
the  sides  of  the  thorax  are  four  pairs  of  spots,  the  hinder  pair  largest. 
In  the  male  these  spots  all  connect  together  and  the  cephalothorax 
is  often  nearly  black..  The  legs  are  covered  with  small  dark  spots 
and  have  larger  spots  near  the  ends  of  the  joints  and  Jilong  the 
middle  of  the  femur.  In  the  male  the  femur,  patella  and  tibia  of 
the  first  and  second  legs  are  much  darker  than  the  other  joints. 
PL  XXIX,  figs.  7,  la. 

The  epigynum  has  the  opening  a  long  distance  from  the  transverse 
fold  and  divided  into  two  by  a  ridge  that  widens  backward,  PI. 
XXIX,  fig.  7c,  much  like  the  epigynum  of  C,  depressa,  of  Europe. 
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The  tibia  of  the  male  palpus  has  a  large  inferior  process  slightly 
bent  inward  at  the  end.  The  outer  process  is  longer  and  the  slender 
tip  is  on  "the  inner  side  and  s-shaped.  Fig.  Id,  The  tube  of  the 
palpal  organ  is  stout  and  has  in  the  middle  a  thick  portion,  rough- 
ened like  a  file.  The  end  of  the  tube  is  straight,  not  spiral  as  in 
C,  depresaa. 

All  over  New  England,  on  fences  and  under  stones. 

Misumena  vatia  Thorell  =  Thomisw  fartua  Hentz. 

Adult  females  of  this  and  of  aleaioriaa  are  both  named  valia  by  Keyserling. 
Plate  XXX,  wourbs  1-1^. 

The  female  of  this  species  is  the  largest  and  best  known  of  the 
genus.  It  is  8  or  10™"  long  and  milk  white,  with  sometimes  a  light 
crimson  marking  on  each  side  of  the  abdomen.  PI.  xxx,  fig.  1. 
The  cephalothorax  is  wide  and  high  in  front,  the  distance  between 
the  upper  lateral  eyes  being  twice  their  height.  Fig.  1 K  The  sides 
of  the  cephalothorax  are  very  light  yellow  or  brownish,  the  dark 
color  being  most  distinct  in  young  spiders.  The  dark  markings  also 
extend  between  the  eyes  and  around  the  sides  of  the  head,  but  the 
front  of  the  head  has  a  white  mark  that  widens  below  over  the 
mandibles  and  above  under  the  eyes  and  around  the  eyes  of  the 
upper  row.  This  marking  of  the  front  of  the  head,  PI.  xxx, 
fig.  1ft,  distinguishes  this  species  from  aleatoria. 

The  legs  are  white  with  light  brown  on  the  upper  side  of  the  first 
and  second  ;  or  even  this  is  absent  in  some  individuals. 

The  epigynum  has  a  deep  rounded  notch  in  the  middle,  the  comers 
of  which  are  prolonged  backward  over  the  spermathecae.  Each  side 
of  the  large  notch  are  two  small  ones.     PI.  xxx,  fig.  1^. 

The  male  is  only  3  or  4""*"  long,  with  the  front  legs  about  twice 
the  length  of  the  body.  The  males  are  strongly  marked  with  dark 
reddish  brown  on  a  light  ground.  The  cephalothorax  is  dark  at  the 
sides,  while  the  front  of  the  head  around  the  eyes  is  white,  as  in  the 
female.  The  abdomen  has  a  dark  stripe  at  the  sides  extending, 
sometimes,  its  whole  length,  or  in  other  individuals  not  more  than 
half  as  far.  In  the  middle  of  the  abdomen  are  two  parallel  dark 
markjs  or  lines  of  spots,  figs.  1(7,  le.  The  first  and  second  legs  have 
the  femur  dark  brown,  the  patella  dark  on  the  outer  half.  The  tibia 
dark  at  both  ends,  and  the  tarsus  and  metatarsus  on  the  outer  half. 
The  palpi  are  light  with  the  palpal  organ  brown.  The  third  and 
fourth  legs  are  light. 

The  male  palpi  are  small.  The  tarsi  are  short  and  nearly  as  wide 
as  long.     The  tibial  process  is  smaller  than  in  the  other  species  and 
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has  the  littte  hook  on  the  end.  PI.  xxx,  fig.  1/.  The  bulb  is 
round  at  the  base  and  has  a  shallow  notch  at  the  distal  end,  over 
which  is  the  short  and  small  tube,  twisted  once  at  the  end. 

The  young  male  has  the  form  of  the  female  with  part  of  the 
markings  of  the  male.  The  femora  and  palpi  are  light  colored. 
PL  xxx,  fig.  \c. 

The  female  and  male  from  Menge's  collection  of  Prussian  spiders 
in  the  Museum  of  Zoology  at  Cambridge,  are  exactly  like  American 
specimens,  except  that  the  female  has  the  hairs  on  the  legs  a  little 
more  distinct  and  the  epigynum  has  the  lateral  openings  larger  and 
the  middle  one  proportionally  smaller. 

Common  all  over  New  England,  as  far*north  as  the  White  Moun- 
tains. 

MiSUXnena  aleatoria   =    Thomisua  aleatoHus  Hentz  =  Runcinia    BrendeUii 
Keys 

Adult  females  are  named  by  Keyserling  M.  vatta^  and  young  females  Runcinia 
brendellii  in  the  Museum  of  Comp.  Zoology  at  Cambridge. 

Plate  XXX,  fiouhes  2-2d. 

The  female  of  this  species,  PI.  xxx,  fig.  2,  is  easily  mistaken 
for  vatia.  It  is  smaller,  the  color  is  more  yellow,  from  light  straw 
color  to  orange,  and  it  does  not  have  the  crimson  stripes  on  the 
abdomen,  though  it  occasionally  has  dark  reddish  brown  marks  in 
the  same  places  and  a  double  row  of  dark  spots  in  the  middle  of  the 
back.  PI.  xxx,  fig.  2e.  The  cephalothorax  is  light  yellow  or 
greenish,  with  the  sides  a  little  darkened  with  brown.  The  legs  are 
asaally  yellow  without  markings,  but  sometimes,  especially  in  indi- 
viduals with  spots  on  the  abdomen,  there  are  dark  marks  on  the 
coxa  and  trochanter,  patella,  tibia,  and  metatarsus  of  the  first  and 
second  legs.  The  front  of  the  head  is  lower  than  in  the  other 
species  and  the  distance  between  the  upper  lateral  eyes  is  nearly 
three  times  their  height.  Below  the  eyes  is  a  white  stripe  the  lower 
comers  of  which  are  extended  into  lines  over  the  mandibles  and  the 
opper  corners  into  a  very  distinct  white  line  that  extends  under  the 
eyes  and  around  the  sides  of  the  head.     PI.  xxx,  figs.  2a,  25. 

The  epigynum  (fig.  25)  has  the  notch  less  deep  than  in  vatia  and 
more  open  behind. 

The  male  is  only  3"'*"  long,  but  with  the  first  and  second  legs  8™°* 
in  length.  The  cephalothorax  is  much  like  that  of  the  female,  green 
with  the  sides  dark  brown.  The  abdomen  is  bright  yellow.  The 
first  and  second  legs  are  dark  brown  without  any  markings,  and  the 
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palpi  are  brown  but  not  quite  as  dark.  The  third  and  fourth  legs 
are  light  yellow.  The  immature  males  have  the  front  legs  no  longer 
than  those  of  the  female  and  only  partly  colored  brown.  PI. 
XXX,  fig.  2d. 

The  young  of  both  sexes  have  the  abdomen  darker  in  the  middle, 
with  light  stripes  in  the  hinder  half. 

The  male  palpi,  PI.  xxx,  figs.  2/,  2g^  are  very  small.  The 
tibial  process  extends  half  the  length  of  the  tarsus  and  has  a  sharp 
point  turned  a  little  outward  and  just  below  the  point  a  small  hook 
turned  upward.  The  palpal  organ  is  much  smaller  than  the  tarsus, 
flat  and  circular  with  a  short  tube  and  without  any  other  processes. 

The  abdomen  of  the  female  is  a  little  flatter  than  that  of  vatia^ 
straighter  at  the  sides  and  more  truncated  behind. 

Massachusetts  and  Connecticut. 

Misumena  asperata  =  Thomisus  aaperatus  Hentz. 

Misumena  geargiana  Kef  serling,  specimeD  in  Mus.  Comp.  ZooK,  Cambridge  ;  and 
M.  joliata  Banks. 

Plate  XXX,  pioures  3-3«. 

This  species  does  not  grow  as  large  as  vatia  and  the  color  of  the 
adult  female  is  more  generally  yellow,  sometimes  deep  yellow,  but 
oftener  pale  and  greenish.  The  legs  are  a  little  spotted  with  pale 
brown  and  more  hairy  than  in  vatia.  The  males  and  young  are 
brightly  colored  with  dull  yellow  and  reddish  brown  markings, 
some  of  which  are  retained  by  the  female  until  the  last  moult.  A 
female  half  grown  (PL  xxx,  fig.  3a)  has  the  cephalothorax  light  in 
the  middle  with  a  brownish  stripe  each  side  covering  half  way  to 
the  edge.  The  abdomen  has  a  dark  red  band  on  each  side  of  the 
front  half  and  in  the  middle  a  pattern  in  light  brick  red.  The  first 
and  second  legs  are  marked  with  da^k  red-brown  spots  on  the  end 
of  the  patella,  both  ends  of  tibia,  and  the  end  half  of  the  meta- 
tarsus.    The  hairs  are  much  longer  than  in  the  adult. 

A  female  just  before  the  last  moult  had  lost  entirely  the  markings 
of  the  legs  (PI.  xxx,  fig.  3a),  and  had  the  pale  markings  of  the 
adult  behind  the  eyes,  while  the  abdomen  showed  the  two  side 
stripes  broken  into  several  spots  and  three  pairs  of  spots  on  the 
hinder  half  darkest  on  the  outer  side,  all  brick  red.  This  spider 
was  perched  on  a  plant  of  sorrel  {Rumex  acetoceUa)  and  its  colors 
were  exactly  those  of  the  flowers.  The  male  has  the  colors  of  the 
young,  but  all  deeper,  the  ground  yellow  or  greenish  and  the  mark- 
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ings  dark  reddish  brown.  The  femora  of  legs  one  and  two  are 
spotted  with  dark  red,  thickest  toward  the  front  (fig.  3^). 

The  epigynnm  has  a  wide  oval  opening  divided  into  two  round 
smaller  ones  by  a  wide  ridge  on  which  is  a  thin  raised  line  in  the 
middle  (fig.  3c). 

The  male  palpus  has  a  large  complicated  process  on  the  outer  side 
at  the  end  of  which  is  a  small  black  point,  hooked  at  the  end.  The 
tube  of  the  palpal  organ  is  wide  and  curved  once  around  the  end  of 
the  bulb  (PL  xxx,  figs.  Sd^  3e),  ending  on  the  outer  side.  The  male 
palpus  is  much  longer  than  that  of  vatia  and  more  than  twice  as 
large  as  that  of  ahatoria. 

The  abdomen  of  the  adult  female  has  often  gray  or  reddish  mark- 
ings along  the  sides  or  in  the  middle. 

MiSTUnena  Oblonga  Keys.,  Spinnen  Americas,  1880. 

PLATB  XXX,   FIGUBES  4-4c. 

Male  2-6"™  long.  Front  legs  8"°  long  and  very  slender.  Colors, 
in  alcohol,  greenish  yellow  on  the  cephalothorax  and  legs  and  white 
on  the  abdomen  and  around  the  eyes,  with  dark  red  markings.  The 
front  of  the  head  is  high,  the  distance  between  the  upper  lateral 
eyes  being  twice  their  height,  as  in  M.  vatia,  but  it  does  not  have 
the  while  mark  in  front  like  that  species.  The  eyes  are  all  slightly 
raised  on  whitish  tubercles.     PI.  xxx,  fig.  4. 

The  sides  of  the  cephalothorax  are  slightly  darkened  and  around 
its  edge  is  a  fine  red  line,  short  in  some  and  in  others  extending  its 
whole  length,  and  there  are  also,  in  one  specimen,  red  lines  across 
the  ends  of  the  mandibles.  The  first  and  second  legs  have  a  short 
red  ring  at  the  end  of  the  femur  and  the  patella.  The  tibia  has  the 
distal  half  red  and  also  a  short  ring  at  the  base.  The  metatarsus  is 
red  for  three-fourths  its  length,  and  the  tarsus  half  its  length. 
There  are  also  a  few  red  spots  on  the  front  of  the  first  femur  and  at 
the  ends  of  patella  and  tibia  of  fourth  leg,  but  these  spots  are  absent 
in  one  specimen.  The  cephalothorax,  abdomen,  and  femora  have 
stiff  black  hairs,  standing  wide  apart. 

The  male  palpi  are  as  small  as  those  of  aleatoria,  but  shorter  and 
more  pointed,  like  those  of  vatia.  The  outer  process  of  the  tibia  is 
much  like  that  of  vatia,  but  shorter  and  thicker,  and  the  hook  is 
placed  more  on  the  outer  side.  The  tube  is  longer  and  straighter 
and  more  slender  than  in  vatia.     PL  xxx,  fig.  4. 

The  only  female  that  seems  to  belong  to  this  species  is  an  imma- 
ture specimen  4*5™"  long.     The  color  is  pale  yellow,  darkened  a 

Tba»8.  Conn.  Acad.,  Vol.  VIII.  49  April,  1892. 


3V2         J,  H.  JBmerton — Spiders  of  the  Family  ThomisidcB. 

little  at  the  sides  of  the  cephalothorax  and  the  ends  of  the  legs.  On 
the  first  and  second  legs  there  is  a  small  dall  red  spot  near  the  end 
of  the  tibia  and  a  longer  one  on  the  metatarsus.  The  whole  body  is 
covered  with  long  hairs  arranged  in  rows.  On  the  back  of  the 
abdomen  there  are  about  twenty  rows  of  them  nearly  their  length 
apart.  On  the  legs  they  are  in  longitudinal  rows  a  little  nearer 
together.  On  the  cephalothorax  there  is  a  middle  row  directed 
forward  and  another  each  side  of  it  passing  between  the  eyes.  The 
other  hairs  of  the  cephalothorax  point  toward  the  middle.  The 
body  is  smooth  underaeath,  or  with  only  very  short  hairs. 

Males  from  Blue  Hills,  Milton,  Mass.;  New  Haven  and  Simsbury, 
Conn.;  young  female  from  Brookline,  Mass.;  Washington,  D.  C, 
Dr.  Fox. 

Philodromus. 

Cephalothorax  as  wide  as  long,  rounded  at  the  sides  and  much 
narrowed  in  front  as  far  back  as  the  base  of  the  palpi.  The  front 
row  of  eyes  is  much  shorter  than  the  upper  row.  The  legs  are  long 
and  slender,  the  second  pair  longest.  The  third  and  fourth  legs  are 
not  much  shorter  than  the  first  and  second.  The  hinder  legs  are 
wide  apart  and  the  sternum  extends  backward  between  them.  The 
feet  have  the  claws  turned  backward  and  under  them  a  thick  bunch 
of  long  hairs,  wide  and  flattened  at  the  end.  The  abdomen  is  longer 
than  wide  and  a  little  pointed  behind.  The  males  are  but  little 
smaller  than  the  females  and  much  longer  legged. 

The  male  palpi  have  two  processes  on  the  tibia,  the  usual  hard 
hooked  process  on  the  outer  side,  and  a  flat,  thinner  one  underneath. 

Philodromus  vulgaris  -is  a  common  and  distinct  species.  The 
others  are  all  small  and  much  alike,  especially  the  males,  and  the 
difference  between  the  sexes  is  so  great  that  it  is  difficult  to  tell  the 
male  and  female  of  the  same  species,  and  the  males  which  are 
referred  to  omatus  and  lineatus  may  prove  to  belong  to  other  species. 

Philodromus  vulgaris  Keys.  =  Thomisus  vulgaris  Hentz. 

P.  vulgaris  Banks.     P.  pratlustris  and  P.  signifer  Banks  are  probably  of  this 
species. 

Plate  XXXI,  piodres  1-1^. 

Female,  8"™  long.  Cephalothorax,  3™"  long  and  the  same  wide. 
Head  less  than  half  as  wide  as  the  middle  of  the  cephalothorax. 
The  abdomen  is  half  longer  than  the  cephalothorax  and  nearly  as 
wide  at  the  widest  part.     The  colors  are  various  shades  of  gray, 
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resembling  closely  those  of  old  unpainted  wood.  The  ground  color 
is  dirty  white  and  the  under  side  is  almost  entirely  of  this  color. 
The  dark  portion  of  the  back  of  the  abdomen  is  darkest  at  the 
edges  and  does  not  entirely  cover  the  abdomen,  showing  a  lighter 
band  around  it,  plainest  around  the  hinder  half.  The  principal 
middle  markings  are  a  long  oval  spot  in  front,  pointed  before  and 
behind,  and  a  herring-bone  pattern  behind.  The  legs  are  spotted 
with  tine  spots  closest  along  the  front  of  the  femora  and  largest  at 
the  ends  of  each  joint.  PL  xxxi,  fig.  1.  The  males  are  darker 
and  longer  legged,  as  in  most  species,  fig.  la.  The  epigynum  has 
two  openings,  between  which  is  a  ridge  that  widens  behind  and 
extends  to  the  transverse  fold.  Usually  this  ridge  has  waved  or 
irregular  sides,  as  in  fig.  1/,  but  in  some  the  sides  are  rounded. 
Fig  1^. 

The  male  palpus  is  long  with  the  tibia  nearly  twice  as  long  as 
wide.  The  lateral  process  is  as  wide  as  long,  square  at  the  end, 
with  the  upper  corner  slightly  hooked.  The  under  process  is  smaller, 
rounded  on  the  inner  corner,  and  sharp  pointed  on  the  outer.  PL 
XXXI,  fig.  le.  The  tarsus  is  twice  as  long  as  wide  and  pointed 
at  the  end.  The  tube  is  short  and  very  thick  at  the  base.  It  starts 
on  the  middle  of  the  inner  side  of  the  bulb  and  extends  around  the 
end.     Under  the  tip  of  the  tube  is  a  short  fine  process.     Fig.  Id. 

All  over  New  England  on  houses  and  fences,  but  seldom  on  plants. 

PhilodromUS   pictUS,  Dew8p.=  P.  rtt/u*(Walck.j  Banks. 
Plate  XXXI,  figures  2-2e. 

Female  5  or  6™™  long.  Abdomen  usually  about  twice  as  long  as 
the  cephalothorax.  The  widest  part  farther  forward  than  in  most 
species.  Legs  and  palpi  pale  yellow  with  fine  brown  spots.  Cephal- 
othorax light  yellow  in  the  middle  and  reddish  brown  at  the  sides, 
covered  with  fine  spots.  Abdomen  dull  red  at  the  sides  and  bright 
yellow  in  the  middle  with  a  dark  greenish  marking  in  the  middle  of 
the  front  half  and  two  dark  marks  behind  it  on  the  hinder  half. 
PL  XXXI,  fig.  2.  The  eyes  are  surrounded  by  distinct  light  rings. 
In  some  specimens,  usually  immature,  the  abdomen  has  a  more  dis- 
tinct yellow  and  red  pattern.     Fig.  2a. 

The  male  has  the  cephalothorax  and  legs  darker  and  the  abdomen 
lefts  bright  red  and  yellow  than  the  female,  and  sometimes  gray  and 
iridescent.  In  alcohol  it  shows  a  more  distinct  herring-bone  pat- 
tern on  the  hinder  half.     Fig.  2b. 

The  male  palpus  has  the  tibia  nearly  as  long  as  the  tarsus.  The 
lateral  process  is  unusually  long  and  the  upper  corner  has  a  sharp 
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hook.     Fig.  2^.     The  under  process  is  very  thin  and  about  as  long 
as  the  lateral.     The  tarsus  is  widened  on  the  inner  side  and  the 
tube  is  long  and  slender,  starting  near  the  base  of  the  bulb.     The 
eyes  are  close  in  both  sexes.     Pigs.  2c,  2(?,  2e. 
A  very  common  species  all  over  New  England. 

Philodromus  omatus  Banks. 

=P.  minusculaa  Banks  and  P.  pladdus  Banks. 

Plate  XXXF,  piquees  3-36. 

The  female  of  this  species  is  small  and  very  distinctly  marked 
with  dark  brown  on  a  white  ground.  The  middle  of  the  cephalo- 
thorax  is  white  and  the  sides  brown  nearly  to  the  edge.  The 
abdomen  is  white  with  a  distinct  brown  band  each  side  from 
the  front  more  than  half  its  length.  PI.  xxxr,  fig.  3.  Some- 
times there  is  also  an  indistinct  brownish  pattern  in  the  middle,  but 
this  is  usually  absent  in  adults  and  the  middle  is  entirely  white. 
The  COX89  are  brown  and  the  rest  of  the  legs  white,  except  a  little 
brown  at  the  ends  of  the  joints.  Under  the  abdomen  the  lateral 
brown  bands  extend  backward  and  meet  across  the  spinnerets.  The 
abdomen  is  nearly  as  wide  as  long  and  widest  across  the  hinder  half. 

The  male  which  I  suppose  belongs  to  this  species  has  the  legs  and 
cephalothorax  orange  brown,  darker  at  the  sides  of  the  thorax  and 
toward  the  ends  of  the  legs.  The  abdomen  is  dark  reddish-brown, 
strongly  iridescent  with  red  and  green  in  a  bright  light.  In 
alcohol  it  shows  brown  markings  at  the  sides  similar  to  those  of  the 
female,  and  also  indistinct  angular  marks  in  the  middle  of  the  hinder 
half.  The  palpi  are  long,  but  the  tibia  is  little  longer  than  wide  and 
narrower  than  the  patella.  The  outer  process  is  small  and  the  under 
process  wide  and  long,  extending  over  the  bulb  a  third  its  length. 
PI.  XXXI,  figs.  3a,  3^.  The  tarsus  is  widest  across  the  middle  and 
straight  on  the  outer  side.  The  tube  is  very  long  and  slender 
beginning  at  the  base  of  the  bulb  near  the  under  tibial  process. 
Fig.  3a. 

All  parts  of  New  England;   Ithaca,  N.  Y.,  Banks. 

Philodromus  lineatus,  new  sp. 

Plate  XXXI,  figures  4-4c. 

The  female  of  this  species  is  a  little  larger  than  omatus  and  the 

brown  markings  are  lighter,  and  in  life,  or  when  freshly  killed, 

purplish  in  the  lighter  parts.     The  markings  are  less  distinct  than 

in  omatu^i  the  brown  and  white  running  into  each  other.     The  abdo- 
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men  has  a  brown  band  each  side,  often  broken  into  several  spots, 
and  a  brown  band  in  the  middle  extending  back  half  its  length, 
behind  which  are  several  lighter  marks.  Between  these  are  many 
oblique  lighter  markings  and  rows  of  spots.  The  legs  are  very  light 
grayish  brown,  darker  toward  the  ends  of  the  joints.  PI.  xxxi,  ^q,  4. 
The  upper  middle  eyes  are  farther  apart  than  in  omatus. 

The  supposed  male  of  this  species  resembles  closely  the  last,  but  is 
a  little  larger  and  has  much  larger  palpal  organs.  The  tibia  is  longer 
than  wide.  The  outer  process  is  very  short  and  pointed  obliquely 
outward.  The  under  process  is  long  and  wide.  Fig.  4b.  The 
tarsus  is  nearly  as  wide  as  long,  and  the  palpal  organ  nearly  round. 
The  tube  begins  on  the  outer  side  beyond  the  end  of  the  under 
process  and  extends  around  the  inner  side  and  outer  end.     Fig.  4c. 

All  over  New  England.     Not  found  by  Banks  at  Ithaca,  N.  Y. 

Philodromus  bidentatus,  Dew  sp. 

Platb  xxxi,  figures  5-66. 
Of  this  species  I  have  only  males,  one  from  New  Haven,  Conn., 
and  two  from  Mt.  Tom,  in  the  central  part  of  Massachusetts.  They 
are  3°*"*  long  and  in  their  general  appearance  agree  with  the  other 
species.  The  New  Haven  specimen  is  pale  and  has  the  markings 
very  distinct,  while  the  others  are  dark  orange  brown,  like  most 
male  PhilodronmSy  after  a  long  time  in  alcohol.  The  markings  of 
the  legs  are  more  in  irregular  patches  of  gray  and  less  in  fine  spots 
than  in  most  species,  and  the  dark  middle  line  of  the  cephalothorax 
is  unusually  distinct.  The  abdomen  has  the  usual  markings.  Fig.  5. 
The  male  palpi  have  the  tibia  shorter  than  the  patella  and  widened  at 
the  distal  end.  The  lateral  process  is  stout  and  has  two  teeth  at  the 
end.  PI.  XXXI,  fig.  bh.  The  under  process  is  longer,  but  small  com- 
pared with  other  species.  Fig.  5a.  The  tube  is  shorter  than  in 
pictxiSy  beginning  near  the  middle  of  the  side  of  the  bulb. 

Philodromus  brevis,  new  sp. 

Plate  XXXII,  figures  2-2d. 

Hales,  2*5"'"  long.  The  color  of  both  specimens  is  dark.  The 
cephalothorax  does  not  have  the  usual  light  area  in  the  middle,  but 
only  a  lighter  spot  just  in  front  of  the  dorsal  groove.  The  rest  of 
the  cephalothorax  is  nearly  uniform  in  color.     Fig.  2. 

The  male  palpi  have  the  tibia  short  and  straight,  not  widened  at 
the  ends.     The  lateral  hook  is  long  and  stout  and  slightly  curved 
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down  at  the  end.     Fig.  2d.     The  inferior  process  is  short  and  wide. 
The  tarsus  is  short  and  blunt.     The  tube  is  very  short,  not  half  the 
length  of  the  tarsus,  and  nearly  straight.     PI.  xxxii,  fig.  2c. 
Two  males  only,  from  Readville,  Mass. 

Philodromus  robustus,  new  ep. 

Plate  XXXII,  piqurks  1-1  a. 

Male,  4"™  long.  Legs  and  palpi  stouter  and  more  hairy  than  in 
the  other  species,  and  the  mandibles  longer.  The  specimen  is  much 
faded  and  there  are  no  traces  of  markings  on  the  legs.  The  abdo- 
men shows  the  usual  markings  and  the  cephalothorax  had  the  middle 
light  colored  with  a  dark  line,  widening  toward  the  head. 

The  palpi  have  the  tibia  longer  than  wide  and  about  as  long  as 
the  patella.  The  outer  process  is  slender  and  short,  turned  obliquely 
outward  and  blunt  at  the  tip.  Fig.  la.  The  under  process  is  thin 
but  hard  and  as  wide  as  long.  The  tarsus  is  as  wide  as  long  and  the 
palpal  organ  nearly  round.  The  tube  is  slender  and  extends  half 
way  around  the  bulb. 

Beverly,  Mass. 

TmaniS  £.  Simon,  1864. 
Cephalothorax  widest  across  the  middle,  farther  forward  than  in 
most  of  the  family.  Front  of  the  head  and  mandibles  inclined  far 
enough  forward  to  be  seen  from  above.  Lateral  eyes  of  both  rows 
on  large  round  tubercles.  Middle  eyes  forming  a  quadrangle  longer 
than  wide  and  widest  behind.  Abdomen  longer  than  wide,  widest 
across  the  hinder  half  and  high,  and  pointed  behind  with  the  point 
in  some  species  prolonged  into  a  tubercule  of  various  shapes. 

Tmarus  CaudatUS  Keys.  =  Thomims  caudaius  Heniz. 

Plate  XXXII,  piourks  3-3r«. 
Female,  6™°*  long.  Cephalothorax,  2"™  long  and  as  wide  at  the 
widest  part.  The  abdomen  is  as  narrow  as  the  cephalothorax  in 
front  and  widens  backward  to  nearly  twice  that  width.  Fig.  3. 
The  abdomen  rises  from  the  front  to  a  point  over  the  spinnerets, 
where  it  forms  a  blunt  conical  point.  Fig.  3a.  The  first  and  second 
legs  are  nearly  equal  and  much  longer  than  the  third  and  fourth. 
The  mandibles  are  inclined  forward,  their  basal  half  is  nearly 
straight  and  the  ends  narrowed.  The  colors  are  gray  and  white, 
resembling  light  individuals  of  Philodromus  vulgaris.    The  legs  are 
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spotted  with  a  few  black  dots,  largest  and  closest  on  the  front  pair. 
The  markings  of  the  cephalothorax  radiate  indistinctly  from  the 
dorsal  groove.  The  abdomen  is  covered  with  fine  gray  spots  and 
has  three  or  four  pairs  of  darker  lines  across  the  hinder  half.  PI. 
xxxn,  fig.  3. 

The  males  difiPer  little  from  the  females  except  in  the  smaller 
abdomen. 

The  male  palpus  has  a  short  and  blunt  lateral  process  widened 
in  the  middle  and  thin  and  sharp  at  the  end.  Figs.  3d,  3c.  The 
tarsus  is  wide  and  the  palpal  organ  round  and  without  any  processes 
in  the  middle.  The  tube  is  slender,  passing  almost  entirely  around 
the  bulb  and  supported  at  the  end  by  a  soft  appendage  with  a  hard 
sharp  point.  Figs.  3d,  3c.  The  epigjmum  has  a  small  semicircular 
opening.     Fig.  3d. 

A  common  species  in  Massachusetts  and  Connecticut. 

EbO  KeyserliDg,  1883. 

These  spiders  have  a  general  resemblance  to  Philodromua.  The 
whole  body  is  flattened  and  wider  than  in  that  genus,  the  head  is 
more  rounded  and  the  two  rows  of  eyes  more  nearly  of  the  same 
length.     The  legs  of  the  second  pair  are  much  longer  than  the  others. 

Ebo  latithorax  Keys.,  Zool.  bol.  ges.,  WieD,  1883. 
Plate  XXXII,  figures  4-4</. 

In  this  species  the  second  pair  of  legs  is  more  than  twice  as  long 
as  either  of  the  others  and  has  the  claws  of  these  legs  much  smaller 
than  the  others.  The  cephalothorax  is  wider  than  long  and  much 
flattened.  The  head  is  rounded  in  front.  The  mandibles  are  small 
and  turned  backward  under  the  head.  The  eyes  are  arranged  as  in 
PhilodromuSy  but  there  is  less  difiPerence  between  the  length  of  the 
two  rows  and  the  front  middle  eyes  are  larger  than  the  others. 
PI.  xxxu,  figs.  4^,  4c,  4d.  The  abdomen  is  as  wide  as  long  and  a 
little  pointed  behind.     Figs.  4,  4a.    ' 

The  length  is  2  to  2*5"*°*.  The  color  is  light  yellow  with  brownish 
markings  on  the  cephalothorax  and  abdomen.  On  the  cephalothorax 
are  several  radiating  lines  of  spots  running  from  the  dorsal  groove 
to  the  legs,  and  three  shorter  lines  extending  forward  half  way  to 
the  eyes.  The  abdomen  has  two  dark  spots  at  the  sides  in  front  and 
a  line  in  the  middle  and  an  indistinct  herring-bone  pattern  on  the 
binder  half. 
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There  is  little  difference  between  the  male  and  female.  The  male 
palpus  is  slender  and  the  palpal  organ  small.  The  tibia  is  twice  as 
long  as  wide  and  has  a  short  process  on  the  outer  side.  The  tarsus 
is  slightly  widened  across  the  middle  and  the  palpal  organ  is  oval, 
about  twice  as  long  as  wide.  The  tube  is  short  and  curved  in  a  half 
circle  across  the  end  of  the  bulb.     Figs.  4«,  4/. 

Medford,  Mass. ;  Providence,  R.  I. ;  Long  Island,  N.  Y.,  in  N. 
Pike's  collection.  The  only  males  I  have  seen  are  in  the  latter 
collection. 

TibellUS  SimoD,  1875. 
Cephalothorax  longer  than  wide.  Abdomen  very  long  and  slender, 
narrower  than  the  cephalothorax,  and  straight  at  the  sides.  Legs 
slender  with  long  spines,  second  pair  longest,  and  the  fourth  nearly 
as  long  as  the  first.  Eyes  on  the  top  of  the  head.  Both  rows  carved 
and  the  front  row  about  half  as  long  as  the  upper.  The  femur  and 
patella  of  the  female  palpi  a  little  thickened. 

TibelluS   duttonii  Keys.  =  Thomisus  duttonii  Hentz. 
Plate  XXXII,  hgures  5-5c. 

Female,  8  or  10*"°*  long,  the  abdomen  variable  in  length  and  thick- 
ness. The  color  is  light  yellow  with  light  brown  markings.  The 
cephalothorax  has  a  middle  brown  stripe  and  one  on  each  side,  all 
indistinct.  The  abdomen  has  two  black  spots  on  the  hinder  half 
and  a  light  brown  middle  spot  at  the  front  end  extending  back  half 
the  length  of  the  abdomen  and  ending  in  a  point,  or  sometimes 
continuing  the  whole  length.  The  abdomen  is  a  little  pointed 
behind  and  extends  back  far  enough  to  cover  the  spinnerets.  PI. 
xxxii,  fig.  5. 

The  male  is  a  little  more  slender  than  the  female.  The  male 
palpus  is  bent  downward.  The  patella  and  tibia  are  both  short  and 
the  tibia  shorter  on  the  under  side  than  above,  so  that  the  tarsus 
joins  it  obliquely.  Fig.  5a.  The  tibial  process  is  short  and  blunt. 
The  tube  is  stout  and  black  and  twisted  at  the  tip  and  has  beside  it 
a  flat  process  of  about  its  own  length.  Fig.  5b,  I  have  not  been 
able  to  find  the  spider  whose  palpus  was  figured  by  me  on  plate  20 
of  the  reprint  of  Hentz's  spiders  of  the  United  States  in  1875.  All 
that  I  have  seen  since  have  the  slender  portion  of  the  tube  longer, 
as  here  figured.  The  epigynum  is  very  far  forward  and  has  its 
opening  behind  over  the  transverse  fold.     Fig.  6c. 

Massachusetts;  common  in  the  White  Mountains  and  Northern 
New  York. 
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Thanatus  o.  Koch. 
Cephalothorax  as  wide  as  long  in  males  and  almost  as  wide  in 
females,  resembling  that  of  Micrommata  and  Dolomedes.  The 
front  row  of  eyes  is  much  shorter  than  the  upper  row  and  both  rows 
are  curved.  PI.  xxxii,  fig.  6.  The  abdomen  is  oval  and  little 
flattened,  but  not  as  long  and  slender  as  in  IHbelltM.  The  fourth 
legs  are  as  long  as  the  second  or  longer,  which  is  unusual  in  this 
fan&ilj. 

Thanatus  lycosoides,  new  sp. 

Plate  XXXII,  fioures  6-6c. 

This  species  is  very  near  7!  coloradensis  Keys.,  and  may  be  the 
same.  It  is  smaller  than  the  spiders  described  by  Keyserling  in 
both  sexes,  but  the  proportions  are  the  same,  and  the  male  palpi 
almost  like  those  of  coloradensis,  being  a  little  more  slender  and 
having  a  sharper  tibial  process.  Keyserling's  specimens  were  all 
from  Colorado  and  I  have  not  seen  any  of  them. 

The  female  is  6  to  8™"  long.  Cephalothorax  of  largest  specimen, 
4mm  long  and  nearly  as  wide.  Length  of  legs,  4,  2,  1,  3.  The  legs 
are  slender  and  tapering,  the  fourth  pair  as  long  as  the  second  or 
longer.  The  colors  are  white  and  brown  covered  with  brown  and 
gray  scal^^  and  scattered  brown  hairs,  and  the  whole  appearance  is 
much  like  Lycosa  or  Dolomedes,  The  middle  of  the  cephalothorax 
ia  light  from  the  eyes  backward,  and  on  each  side  is  a  dark  brown 
band.  The  abdomen  has  a  distinct  brown  spot  extending  from  the 
front  end  beyond  the  middle,  and  pointed  at  both  ends.  This  spot 
is  found  in  several  species  of  the  genus.  The  legs  are  indistinctly 
marked  on  the  femur  and  tibia  with  longitudinal  brown  lines. 
PL  XXXII,  ^g.  6,  The  epigynum  is  close  to  the  transverse  fold  and 
is  divided  by  a  flat  ridge,  widest  in  front.  The  openings  are  long 
and  narrow  and  covered  by  a  convex  brown  shell,  each  side  opening 
widest  toward  the  transverse  fold.     Fig.  6c. 

The  male  is,  as  usual,  smaller  and  longer  legged  and  resembles 
more  Ocyale  and  Phihdromus,  The  male  palpus  is  somewhat  like 
that  of  duUonii,  but  shorter  and  stouter,  and  it  has  a  longer  and 
larger  tibial  hook.  The  palpal  organ  is  large  and  extends  beyond 
the  tarsus  on  the  outer  side.  The  tube  is  short  and  slender  and  a 
little  curved,  pver  the  tube  is  a  small,  flat,  soft  appendage.  Figs. 
6a,  6b. 

Wenham,  Annisquam,  Dedham,  Mass.;  and  Mt.  Carmel,  Hamden, 
Conn. 

Tbakh.  Conn.  Acad.,  Vql.  VIII.  60  June,  1892. 
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BXPLANATIOiJ    OF    PLATES. 


Plate  XXVIII. 

Figure  1. — Xysticua  limbaius  Keys.,  female,  x  4;  la,  male,  x  4;  16,  young  female 
with  more  distinct  markings;  Ic,  mazill®  and  labium ;  l(f,  Ic,  ]/  opening 
of  epigyDum  of  three  different  spiders ;  \g,  male  palpus ;  I  h,  tibia  of  male 
palpus  from  above. 

Figure  2. — XysHcus  gulosus  Keys.,  female,  x  4;  2a,  male,  x  4;  2d,  male  palpus; 
2c,  epigynum. 

Figure  3. — Xysticua  siomachoaus  Keys.,  female,  x  4;  3o,  male,  x  4;  36,  3c,  male  pal- 
pus; 3d,  epigynum. 

Figure  4. — Xysticua  nervosua,  female,  x  4;  4a,  male,  x  4;  46,  epigynum;  4c,  tarsus 
and  tibia  of  male  palpus;  4d,  under  side  of  male  palpus. 

Plate  XXIX. 
Figure  I. — Xysticua  trigutiattts  Keys.,  female,  x  4;  la,  male,  x  4;  16,  front  of  head 

of  female;  Ic,  epigynum;  Id,  male  palpus. 
Figure  2. — Xyaticua  graminia,  male,  x  4;  2a,  male  palpus;   26,  dorsal  markings  of 

female,  x  4. 
Figure  3. — Xyaticus  formoaua,  male,  x  4 :  3a,  male  palpus. 
Figure  4. — Xyaticua  quadrilineatus  Keys.,  female,  x  4;  4a,  epigynum. 
Figure  5. — Xyaticua  inomatus,  female,  x  4 ;  5a,  front  of  head  of  female ;  56,  epigynum. 
Figure  6. —  Oxyptila  cinerea,  male,  x  4 ;  6a,  male  palpus. 
Figure  7. —  Coriarachnt  versicolor,  female,  x  4;  7a,  male,  x  4;  76,  front  of  head  of 

female;  7c,  epigynum;  7(1,  male  palpus. 

Plate  XXX. 

Figure  1. — i/t^umena  va^za  Thor.,  female,  x  4;  la,  cephalothoraz,  enlarged;  16,  front 
of  head;  Ic,  young  male,  x  4;  \d,  le,  adult  males  of  different  sizes,  x  4; 
]/,  male  palpus;   \g,  epigynum. 

Figure  2. — Misumena  akat-oria,  female,  x  4;  2a,  front  of  head;  26,  top  of  head; 
2c,  male,  x  4;  2d,  young  male,  x  4;  2e,  young  female  with  dark  mark- 
ings, X  4,  from  one  in  the  collection  of  the  Boston  Soc.  Nat.  Hist.; 
2/,  2g,  male  palpus;  2^,  epig3mum. 

Figure  3. — Misumena  a^erata,  female,  x  4;  3a,  young  female,  x  4;  36,  male,  x  4; 
3c,  epigynum;  3d,  male  palpus;  3e,  side  of  male  palpus,  less  enlarged. 

Figure  4.  —Misumena  oblonga  Keys.,  male,  x  4 ;  4a,  46,  male  palpus ;  4c,  young 
female,  x  4. 

Plate  XXXI. 
Figure  1. — Philodromus  vulgaris  Keys.,  female,  x  4;   lo,  male,  x  4;    16,  first  foot, 

outer  side;  Ic,  first  foot,  inner  side;  Id,  male  palpus;   le,  tibia  of  male 

palpus,  outer  side;   1/,  usual  form  of  epigynum;   \g,  epigynum  of  a 

female  from  Providepce,  R.  I. 
Figure  2. — Philodromus  pictus,  female,  x  4 ;  2a,  dorsal  markings  of  a  younger  female  ; 

26,  male,  x  4;  2c,  front  of  head  of  female;  2d,  top  of  head  of  male; 

2d,  front  of  head  of  male ;  2f,  2g,  male  palpus. 


^^^^w^. 


J.  H.  Emerton — Spiders  of  the  Family  Thomimdce,         381 

Figure  3. — PhUodromua  omatus,  female,  x  4 ;  3a,  Sb^  male  palpus ;  3c,  tibia  of  male 

palpus  from  above;  Sef,  epigynum. 
Figure  4. — Philodromua  iineaha,  female,  x  4 ;  4a,  sternum ;  46,  side  of  male  palpus ; 

4c,  male  palpus,  under  side. 
Figure  6. — PhUodromua  hideniatuSj  dorsal  markings  of  light  colored  male,  enlarged 

eight  times ;  5a,  6b,  male  palpus. 

Platb  XXXII. 
Figure  1. — Phihdromus  robtutus,  palpus  of  male;    la,  outer  side  of  tibia  of  male 

palpus. 
Figure  2. — Philodromua  breviSj  markings  of  cephalothorax  of  male,  x  8 ;  2a,  top  of 

head ;  2b,  front  of  head ;  2c,  2d,  male  palpus. 
Figure  3. — Tmarus  caudatus  Keys.,  female,  x  4;   3a,  side  of  abdomen  of  female: 

36,  3c,  male  palpus ;  dd,  epigynum. 
Figure  4. — Ebo  laiithorax  Keys.,  female,  x  4;   4a,  male,  x  4,  from  a  specimen  in 

N.  Pikers  collection  of  Long  Island  spiders ;  45.  4c,  4d,  head  of  female ; 

4e,  4/  male  palpus. 
Figure  6. — Hbelhts  duitonii  Keys.,  female,  x  4;  6a,  66,  male  palpus;  5c,  epigynum. 
Figure  Q.^Tkanahu  lycoaoidea^  female,  x  4;  6a,  66,  male  palpus;  6c,  epigynum. 


XXII.— The  Marine  Nemerteans  of  New  England  and  Adja- 
cent Waters.     By  A.  E.  Verrill. 

The  following  article  is  intended  as  a  descriptive  catalogue  of  all 
the  Nemerteans  of  the  North-eastern  Coast  of  North  America  that 
have  been  observed  with  enough  care  to  permit  me  to  give  a 
description  presumably  sufficient  to  enable  ordinary  observers  to 
identify  the  species  when  seen  living.  Therefore  all  my  own 
descriptions,  herein  given,  have  been  made  from  living  specimens, 
except  in  a  few  special  instances,  which  are^  in  each  case,  particu- 
larly stated. 

As  a  rule,  undetermined  alcoholic  specimens  of  Nemerteans,  un- 
accompanied by  notes  on  their  forms  and  colors  while  living,  cannot 
be  identified  with  certainty  unless  they  belong  to  genera  containing 
very  few  and  widely  differing  species.  To  distinguish  the  numer- 
ous species  of  AmphiporuSy  Tetrastemma,  Zineus^  etc.,  with  alco- 
holic specimens  alone,  would  be  a  hopeless  task,  at  least  in  the 
present  state  of  our  knowledge  of  these  groups.  Possibly,  when 
all  the  known  species  shall  have  been  studied  thoroughly  by  means 
of  microscopic  sections,  it  may  be  possible  to  distinguish  many  of 
the  species  by  means  of  such  sections  of  preserved  specimens,  but 
that  will  be  a  condition  possible  only  in  the  distant  future,  and  in 
any  case  would  require  much  time  and  labor. 

Exceptional  cases  are,  however,  not  uncommon  in  which  some 
prominent  feature  may  be  preserved  in  the  alcoholic  specimens  suf- 
ficiently well  to  enable  the  species  to  be  recognized  with  certainty. 
Thus,  among  the  Enopla^  the  stylets  of  the  proboscis  are  frequently 
characteristic  in  form  or  number.  The  ocelli,  often  visible  in 
alcoholic  specimens,  may  also  be  characteristic.  In  a  few  cases, 
even  the  characteristic  colors  may  be  preserved  many  years  in 
alcohol,  and  still  better  in  glycerine.  I  have  specimens  of  Amphi- 
poruB  angxilatus  {Stimpsoni)^  preserved  in  alcohol  twenty  years  ago, 
in  which  the  dark  purple  color  of  the  body  and  the  characteristic 
white  patches  on  the  sides  of  the  head  are  still  very  distinct.  These 
specimens  have,  however,  been  kept  in  dark  drawers;  those  that 
were  exposed  to  light  faded  many  years  ago. 

In  consequence  of  the  difficulty  or  impossibility  of  identifying 
alcoholic  specimens,  I  have,  in  this  article,  made  very  little  use  of  a 
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large  part  of  the  vast  collection  of  American  Nemerteans  preserved 
in  the  Museum  of  Yale  University,  and  including  those  collected 
by  myself  and  others  during  the  explorations  carried  on  from  1871 
to  1887  by  the  United  States  Fish  Commission,  under  the  direction 
of  the  late  Commissioner,  Professor  S.  F.  Baird. 

These  collections  include  several  thousands  of  specimens,  filling 
more  than  a  thousand  bottles  and  jars.  They  represent  very  fully 
the  Nemertean  and  Planarian  fauna  of  the  coast,  from  Cape  Hatteras 
to  Labrador,  and  from  high-water  mark  to  2000  fathoms.  Fortun- 
ately I  personally  identified  and  labelled  when  captured  a  large 
number  of  those  specimens  that  belonged  to  described  species,  and 
made  copious  descriptions  and  sketches  of  most  of  the  unfamiliar 
forms  that  came,  while  still  living,  under  my  observation  during 
all  the  sixteen  seasons  spent  on  the  work  of  the  U.  S.  Fish  Com- 
mission, as  well  as  during  several  summers  (1864  to  1870)  spent  in 
independent  researches  in  the  waters  of  the  Bay  of  Fundy  and 
elsewhere.  But  there  were  many  specimens,  especially  deep-water 
forms,  that  I  did  not  see  until  they  had  been  placed  in  alcohol. 
Most  of  those  are  entirely  omitted  from  this  paper.  Probably  they 
include  a  number  of  additional  species. 

Many  of  the  general  figures  accompanying  this  article  were  made 
from  life  by  Mr.  J.  H.  Emerton  and  Mr.  J.  H.  Blake,  under  my 
direction,  for  the  U.  S.  Fish  Commission.  For  the  privilege  of 
using  these  drawings  for  the  present  purpose,  I  am  indebted  to  the 
late  commissioner,  Professor  Baird,  this  article  having  been  in  pre- 
paration before  his  death.  Other  figures  have  been  drawn  by 
myself  for  this  paper.  Numerous  figures,  taken  from  my  own  field- 
notes  and  rough  sketches,  have  been  copied  and  put  into  shape  by 
my  son,  A.  H.  Verrill,  under  my  personal  supervision.  The  latter 
are,  therefore,  quite  as  reliable  as  the  former  ones.  A  few  anatomi- 
cal figures  (on  PI.  xxxix)  have  been  copied  from  the  works  of 
Mcintosh*  and  Hubrecht,f  in  order  to  illustrate  more  fully  some  of 
the  diflFerences  between  the  orders  and  sub-orders  of  Nemerteans. 

It  was  originally  a  part  of  my  intention  to  have  included  numer- 
ous anatomical  details  of  our  native  species,  based  on  new  prepara- 
tions and  studies,  but  various  circumstances  have  compelled  me  to 
defer  that  portion  of  the  subject  to  a  future  time.  Such  details  are, 
however,  less  essential  in  the  case  of  our  Nemerteans  than  they 

*  A  Monograph  of  the  British  Annelids.     Part  I.     The  Nemerteans.    Ray  Society, 
1873. 
f  Voyag©  of  the  Challenger,  vol.  xix. 
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otherwise  would  have  been,  because  many  of  our  native  species  are 
closely  allied  to,  and  several  others  are  identical  with,  some  of  those 
that  have  been  well  studied  anatomically  by  Mcintosh  and  other 
European  writers. 

Nemerteans  are  almost  universally  present  on  our  shores,  between 
tides  at  all  levels,  from  near  high-water  (Lifieua  aocialis)  down- 
ward. They  are  also  to  be  found,  by  dredging,  at  all  depths  down 
to  1000  fathoms  or  more,  but  are  much  more  abundant  in  shallow 
water  (1  to  60  fathoms)  than  at  greater  depths.  They  occur  on 
all  kinds  of  bottoms,  but  are  usually  more  abundant  in  soft  and 
partially  organic  mud  than  elsewhere.  But  in  rather  shallow  water, 
on  some  hard  bottoms  overgrown  with  ascidians,  hydroids,  and 
sponges  they  are  often  very  abundant,  especially  in  the  Bay  of 
Fundy.  The  littoral  Nemerteans  occur  in  greater  numbers  and  of 
more  numerous  species  on  the  rocky  shores  of  the  Bay  of  Fundy, 
and  especially  in  Eastport  harbor,  than  in  any  other  localities  where 
I  have  collected  them. 

On  sandy  shores,  also,  there  are  nearly  always  several  species 
living  buried  in  the  sand,  to  be  found  easily  by  the  use  of  a  spade. 
These  sand-dwelling  forms  include  the  largest  species  of  Cerebratu- 
liMy  which  are,  perhaps,  the  largest  of  all  Nemerteans. 

NEMERTINA. 

The  Nemertinea  may  be  characterized  as  follows: 

Smooth,  ciliated,  often  bright  colored,  and  mostly  marine  worms, 
destitute  of  external  paired  appendages,  usually  with  a  long  and 
somewhat  flattened  body,  often  almost  linear;  without  definite  body- 
cavity.     Muscular  walls  of  body  thick  and  complex,  not  segmented. 

Head  not  very  distinct  from  the  body;  mouth  ventral,  beneath 
the  head,  or  subterminal,  without  teeth  or  jaws. 

Intestine  large,  usually  straight  and  furnished  with  many  short, 
lateral,  saccular,  often  lobed  appendages;  anus  posterior. 

A  long,  tubular,  dorsal  proboscis  is  contained  in  a  special  muscu- 
lar sheath,  which  is  filled  with  a  corpusculated  fluid  and  situated 
above  the  intestine  but  entirely  separated  from  it.  The  proboscis 
can  be  protruded  by  eversion  from  a  special  aperture  at  the  front 
of  the  head. 

Two  pairs  of  cephalic  ganglions  are  present ;  they  are  united 
transversely  by  an  upper  and  a  lower  commissure,  between  which 
pass  the  proboscis  and  its  sheath.  Most  species  have  ciliated  pits  or 
sacs  connected  with  the  posterior  ganglions  by  ducts  leading  from 
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fo88(e  or  grooves  on  the  sides  of  the  head.  They  are  probably 
olfactory  organs.  Two  large  lateral  nerves  run  back  from  the  lower 
cephalic  ganglions;  often  there  is  also  a  smaller  median  dorsal  nerve 
trunk,  and  in  many  there  is  a  continuous  nervous  plexus  between  the 
muscular  layers  of  the  body-wall. 

Vascular  system  closed  ;  a  main  longitudinal  vessel  runs  along 
each  side  and  usually  a  median  dorsal  one  is  situated  above  the 
intestine;  the  blood  is  usually  colorless,  rarely  red. 

A  paired  nephridial  system,  consisting  of  ducts  and  tubules  vari- 
ously arranged,  is  usually  present  in  the  oesophageal  region. 

The  sexes  are  almost  always  separate  and  nearly  all  the  species 
are  oviparous.  Reproductive  organs  are  very  simple  and  similar 
in  both  sexes,  consisting  of  simple  saccular  ovaries  or  spermaries, 
situated  along  the  sides  of  the  body,  usually  between  the  lateral 
saccules  of  the  intestine.  External  genital  openings  are  mere  pores 
in  the  body-wall. 

Development  is  usually  direct,  but  sometimes  with  a  metamorphosis 
through  a  Pilidium^  or  free  swimming  larval  form,  very  peculiar 
in  structure.     (Plate  xxxix,  figures  1  to  6). 

Order  I,    ENOPLA, 

Enopla  M.  Schultz:  Mcintosh,  Brit.  Annelids,  Part  I,  Nemerteans,  pp.  36,  43,  134. 
Hoploncmertini  Hubrechtj  Cams,  Fauna  MediterranesB,  p.  163,  1884. 
Hophnemeriea  Hubrecht;  Voy.  Challenger,  vol.  xix,  p.  15. 

Proboscis  divided  into  three  distinct  regions  (Plate  xxxix,  figures 
7,  8,  9);  the  first  is  evertible  and  tubular ;  the  middle  region  (wood- 
cut 1),  is  furnished  with  a  hollow  muscular  bulb  and  a  complex 
armature,  consisting  of  a  central  calcareous  stylet  (c),  or  a  toothed 
plate,  usually  accompanied  by  twQ  or  more  lateral  chambers  con- 
taining small,  pin-like,  free  spines  or  stylets  (figures  7,  la,  and  wood- 
cut 1,  D,  d').  The  central  cavity  of  the  bulb  and  the  lateral  stylifer- 
ous  chambers  communicate  with  the  anterior  evertible  chamber  of 
the  proboscis  by  means  of  ducts.  Proboscis-pore  is  either  terminal, 
at  the  end  of  the  snout,  or  sub  ventral. 


Kg.  1.  Armature  of  proboscis  of  Amphiporus  lactifloreus;  A,  muscular  bulb;  B, 
its  cavity;  c,  central  stylet;  D,  d',  lateral  stylet-sacs:  e,  duct  of  d;  h,  muscular 
band,  (after  Mcintosh). 
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The  mouth  is  small  and  inconspicuous  when  contracted,  situated 
beneath  the  end  of  the  snout  and  in  front  of  the  cephalic  ganglions, 
often  in  close  connection  with  the  proboscis-pore. 

Lateral  longitudinal  cephalic  slits  are  wanting  and  are  generally 
replaced  by  shallow,  transverse  or  oblique,  ciliated  grooves  or  fossse, 
connected  by  narrow  ducts  with  small  sacs  (probably  olfactory  in 
function)  that  connect  them  with  the  posterior  ganglions. 

Cephalic  ganglions  rounded,  the  upper  or  anterior  ones  closely 
united  to  and  largely  covering  the  lower  ones.  Lateral  nerves  arise 
from  the  posterior  ends  of  the  inferior  ganglions  and  run  back 
within  the  inner  muscular  layer  of  the  body-wall. 

Ocelli  various,  often  numerous;  sometimes  wanting. 

Three  large,  longitudinal  vascular  trunks  are  well  developed;  a 
vascular  loop  in  the  head. 

Intestine  large  and  straight,  sacculated.  Muscular  walls  of  the 
body* consist  mainly  of  two  layers,  an  outer  circular,  and  an  inner 
longitudinal  one. 

The  young,  so  far  as  known,  undergo  no  marked  metamorphosis. 

The  species  are  chiefly  marine;  a  few  fresh-water  and  terrestrial 
species  are  known. 

Family,  AMPHiPOEiDiK  Mcintosh  (restr.) 

Body  moderately  elongated.  Proboscis  with  a  thick,  tubular, 
evertible  anterior  portion,  its  walls  consisting  of  about  seven 
layers,  the  inner  surface  (or  outer  when  protruded)  thickly  covered 
with  papillae;  middle  region  furnished  with  a  simple  central  stylet 
and  generally  two  or  four  lateral  chambers  containing  pin-shaped 
stylets,  but  the  lateral  sacs  are  sometimes  wanting;  posterior  region 
tubular,  with  two  muscular  layefs,  an  outer  circular  and  an  inner 
longitudinal  layer.  (Esophagus  with  a  dilated  and  plicated  anterior 
portion  in  the  head. 

The  family  TetraatemmidcB  Hubr.  is  here  included.  I  can  find  no 
characters  that  seem  to  me  sufficient  to  warrant  even  a  sub-family 
distinction  between  Tetrastemma  and  Arnphiporus. 

On  the  other  hand,  I  would  separate  Drepanophorus  Ilubr.  as  a 
separate  family,  DrepanopiiobiduE,  characterized  by  having  the 
central  armature  of  the  proboscis  in  the  form  of  a  lamina  or  plate, 
bearing  several  stylets  or  denticles  ;  by  the  numerous  styliferous 
sacs;  and  by  the  presence  of  lateral  caBcal  sacs  connected  with 
the  sheath  of  the  proboscis. 
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AmplliponiS  Ehrenberg,  1831,  Mcintosh,  non  Dies.,  nee  (Er^d. 

Omviatoplea  Khr.,  Symbolae  Physicae,  1831. 

Omatopha  Diesing,  Sjst  Helm.,  vol.  i,  p.  248,  1850. 

Polystemma  Khr.,  1831  ;  (Ersted,  Naturhist.  Tidssk.,  iv,  p.  579,  1844. 

Polia  Quatr.  {pars),  Ann.  des  Sci.  Nat,  vi,  p.  201,  1846,  non  Delle  Chiaje,  1841. 

Cosmocephala  Stinipson,  Prodromus,  in  Proc.  Acad.  Nat.  Sci.,  Phiiad.,  vol.  ix,  p. 

165  [21.  sep.  copy].  1867. 
Polina  Stimpeon,  op.  cit,  p.  165. 
Ophumemertes  Verriil,  Amer.  Journ.  Sci ,  vol.  vii,  p.  45,  1873 ;  Proc.  Araer.  Assoc., 

1873,  p.  389,  1873. 

Body  only  moderately  elongated,  in  some  species  slender,  in 
others  stout ;  usually  strongly  convex  dorsally  and  with  rounded 
sides. 

Head  often  distinct  from  the  narrowed  neck,  but  in  other  cases 
of  the  same  breadth  as  the  body  and  without  any  definite  limita- 
tion. 

Transverse  or  oblique  ciliated  fossaB  or  shallow  grooves,  two  of 
them  connected  with  the  ciliated  sensory  ducts,  are,  apparently, 
always  present,  though  often  very  indistinct;  usually  there  is  a  pair 
at  the  back  of  the  head  and  nearly  in  line  with,  or  just  behind,  the 
posterior  ocelli  and  the  ganglions;  the  other  pair,  situated  in  front 
of  the  ganglions,  is  usually  less  distinct  and  may  be  easily  over- 
looked, and  is  perhaps  absent  in  some  species.  One  or  both  pairs 
of  fossje  may  meet  on  the  dorsal  line  in  certain  species. 

Ocelli  usually  numerous,  variously  arranged ;  perhaps  the  most 
common  or  typical  arrangement  is  that  of  two  anterior  groups  and 
two  posterior  or  cerebral  clusters,  but  either  pair  may  be  lacking, 
or  the  two  groups  may  blend,  and  sometimes  no  ocelli  are  visible. 

Proboscis-pore  terminal,  or  sometimes  sub-terminal,  just  under 
the  tip  of  the  snout.  Proboscis  large  and  long.  Central  armature 
a  simple,  sharp  stylet  with  thick  base  ;  lateral  stylet-sacs  usually 
two,  each  with  two  to  four,  or  more,  pin -shaped  stylets. 

Mouth  far  forward,  usually  united  with  the  proboscis-pore,  and 
therefore  not  visible  in  contraction. 

The  numerous  species  belonging  to  this  genus*  were  distributed 

*  Many  authors,  of  whom  a  few  are  indicated  in  the  synonymy,  have  used  Omma' 
fopka  Ehr.  as  the  name  of  this  genus,  and  on  many  accounts  it  .«<eems  to  me  that  it 
would  have  been  better  to  have  continued  that  usage.  McTntosli,  in  his  monograph, 
hjftfl,  however,  seen  fit  to  change  the  name  to  Amphiporus  (of  the  same  date)  for 
reasons  that  are.  to  say  the  least,  of  questionable  validity, — mainly  because  somebody 
may  hereafter  discover  that  the  "  type  "  of  Ommaioplea  is  of  a  different  genus,  though 
he  gives  no  reason  for  supposing  that  to  bo  the  case.     In  this  instance  long  usage 

Tbans.  Gosh.  Acad..  Vol.  VIIT.  51  JnxB,  1892. 
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among  a  large  jiumber  of  genera  by  the  earlier  writers,  especially 
by  those  who  did  not  observe  the  armature  of  the  proboscis,  or  did 
not  consider  it  of  importance. 

In  general,  it  is  impossible  to  distinguish  the  species  of  this  genus 
from  other  genera  without  an  examination  of  the  proboscis  and  its 
armature.  Hence,  no  doubt,  there  are  many  still  unrecognized 
species  of  the  genus  that  were  formerly  described  under  other 
genera,  from  various  foreign  countries.  I  believe,  however,  that  all 
the  species  hitherto  described  or  mentioned  as  found  on  our  coast 
are  included  in  the  following  list,  together  with  several  that  appear 
to  be  undescribed. 

CBrsted  adopted  Polyatemma  for  this  genus,  and  placed  under  it 
two  typical  species;  P.  roseum  and  P.  ptdchrtim.  At  the  same  time 
he  restricted  Amphiporua  to  the  genus  named  Nemertes  (new  sense) 
by  Mcintosh,  giving  its  essential  character  (a  small  proboscis)  and 
naming  A.  Nie'^ti  as  the  type. 

Subgenera  of  Amphiporus. 

The  genus  may  be  conveniently  divided  into  several  groups  or 
subgenera  based  primarily  on  the  arrangement  of  the  ocelli  and 
nerves,  as  follows : 

I.  Ocelli  form  four  or  more  distinct  groups ;  the  two  cerebral  groups  are 
distinct  from  the  anterior  ones.— Ommatoplea,  subgenus. 

la.  Anterior  ocelli  do  not  form  curved  rows  parallel  with  the  lateral 
margins  of  the  head. 

Amphiportis  angulatus  (Fabr.). 
A.  multisorua  V.,  sp.  no  v. 
A.  hetero8oru8  V.,  sp.  nov. 
A,  tetrasorua  V.,  sp.  nov. 

16.  Anterior  groups  of  ocelli  form  curved  rows  parallel,  at  least  in 
part,  with  the  sides  of  the  head. — Polyatemma  CErs. ;  Polina 
Stimp. 

A.  roaeua  (MOUer). 

A,  lactifloreua  (Johnst.). 

A,  ochraceua  V. 

A,  glutinoaua  V. 

A,  griaeua  (Stimp.). 

would  have  justified  him  in  Dot  making  tho  change  before  there  was  any  proof  of  the 
necessity  for  doing  so. 

The  change  having  been  made  in  so  important  a  work,  has  been  generally  adopted 
by  later  European  authors,  and  I  have,  therefore,  followed  their  example  in  this 
article,  for  uniformity  of  nomenclature  in  this  group  is  at  present  of  paramount 
importance. 
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II.  Only  two  distinct  groups  of  ocelli,  anterior  or  sub-lateral ;  cerebral 
groups  obscure  or  wanting.— Co*moccp/iala  Stimp. 

^,  Only  anterior  groups  of  ocelli  are  eyident. 
A,  frontalis  V.,  sp.  nov. 

26.   Only  median  lateral  groups  of  ocelli  are  present;   or  else  the 
median  and  cerebral  groups  are  blended. 
A,  mesosorns  V.,  sp.  nov. 

III.  Ocelli  form  only  elongated  lateral  rows  more  or  less  parallel  with  the 
sides  of  the  head ;  cerebral  groups  are  not  distinct  from  the  others. 
Body  slender.— Op/iionemerfe«  Verrill. 

A.  cruentatua  V. 
A.  virescena  V. 
A,  agilis  V. 

IV.  Only  a  single  pair  of  anterior  ocelli  are  present.— Dic/it7MS  Stimp. 

A.  bioculatus  Mclnt. 

V.  Ocelli  indistinct  or  absent.— JVaredop»i»  Verrill,  sub-gen.  nov. 

A.  CCBCU8  v.,  sp.  nov. 

VI.  Ocelli  doubtful,  forming  at  least  a  pair  of  antero-lateral  groups  (per- 
haps others  that  are  not  observed). 

A,  thallius  V.,  sp.  nov. 

VII.  Cerebral  groups  of  ocelli  (?)  alone  observed  (perhaps  anterior  ocelli 
overlooked).— JVareda  Girard. 

A.  superbus  (Gir.) 

Amphiporus. 
Analytical  Table  of  species  based  on  the  arrangement  of  the  ocelli, 

A.  Ocelli  present. 
B.  Ocelli  numerous,  arranged  in  groups. 
C.  Ocelli  arranged  in  four  groups ;  two  cerebral,  near  the  ganglions, 
and  two  anterior  or  antero-lateral. 
D.  Anterior  clusters  of  ocelli  transverse,  at  the  front  margin  of  the  head  ; 
posterior  groups  roundish. 

a.  Anterior  groups  transversely  oblong  or  partly  double.    A.  angulatus. 
aa.  Anterior  groups  each  divided  into  three  subordinate  clusters.    A,  mul- 

tisorus. 
DD.  Anterior  clusters  are  not  transverse  at  the  front  margin. 

b.  Anterior  clusters  subdorsal,  not  parallel  with  the  margins  of  head. 

c.  Anterior  clusters  are  triangular  with  the  acute  angle  backward.    A.  het- 

erosorus. 

cc.  Anterior  clusters  are  oblique  rows  parallel  with  the  posterior  ones.  A. 
tetrasorus, 

bb.  Anterior  clusters  lateral  or  sublateral,  curved  or  crescent-shaped,  ante- 
riorly partly  parallel  with  the  margins  of  head. 

e.  Posterior  groups  form  round  or  angular  close  clusters. 

/.  Anterior  groups  are  large,  composed  of  several  rows  posteriorly,  and 
nearly  blend  with  posterior  groups.    A,  roseus. 
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ff.  Anterior  groups  are  more  simple,  distinctly  separated  from  the  posterior 

clusters,  composed  of  one  or  two  rows,  and  regularly  curved.     A.  lacti- 

floretis. 
ee.  Posterior  groups  of  few  ocelli,  which  do  not  form  close  clusters. 
g.  Posterior  groups  consist  of  one,  two,  or  rarely  three,  oblique  pairs  of 

ocelli  on  each  side. 
h.  Posterior  pairs  usually  two  on  each  side,  convergent  backward.     A. 

ochraceus, 
hh.  Posterior  pairs  of  ocelli  divergent  backward.    A,  glutinosua. 
gg.  Posterior  groups  linear,  each  of  about  four  ocelli.    A.  griseus. 
CO.  Ocelli  arranged  in  only  two  distinct  clusters. 

a.  Clusters  transverse,  short,  in  front  of  ganglions. 

b.  Clusters  transverse,  near  front  margin  of  head.    A,  frontalis. 

bb,  A  large  angular  cluster  on  each  side  of  the  middle  of  the  head.    ^4. 

meaosorua. 
aa.  Clusters  of  ocelli  elongated,  lateral,  parallel  with  the  margins  of  the 

head. 

c.  Ocelli  forming  a  simple  row  on  each  side  of  head.    A.  cruentatua. 
cc.  Ocelli  in  double  or  triple  rows. 

d.  Ocelli  in  two  or  three  nearly  parallel  rows  extending  back  of  ganglions. 

A,  virescens, 
dd.  Rows  of  ocelli  broad,  terminating  at  the  ganglions.    A.  agilis, 
BB.  Ocelli  two  only,  near  the  front  of  head.    A,  bioculatus, 
A  A.  Ocelli  wanting  or  indistinct.    A.  cixcus. 

Species  not  included  in  the  above  table  : 

Amphiporus  thalHus.    Ocelli  doubtful ;  only  front,  groups  observed. 
Amphiporus  (?)  superbus.    Ocelli  doubtful ;  apparently  two  cerebral  groui)S 
only. 

Amphiporus  angUlatUS  (Fabr.)  Verrill. 

Fasciola  angulata  0.  Frtbr.,  in  0.  F.  Miiller,  Verm.  Terrest.  et  Fluv.,  i.  pp.  68,  1774. 

Planaria  angulaia  0.  Fabr.,  in  Muller,  Zool.  Danic,  Prod, p.  221,  1776.  (Conaniuui- 
cated  by  0.  Fabricius.  I.  Muller). 

Planarm  angulata  0.  Fabr.,  Fauna  Groenlandica,  p.  323,  1780. 

Omaioplea  SUmpsonii  Girard,  in  Siimpson.  Invert,  of  Grand  Menan,  p.  28,  pi.  2, 
fig.  18,  1853. 

Amphiporus  Sthnpsoni  Verrill,  Notice  of  Hecent  Addit  to  Mar.  Invert,  Part  I, 
in  Proc.  National  Mus,  vol.  ii,  p.  184,  1879;  Check  List  Marine  Invert.  Atlan- 
tic Coast,  p.  12,  1879;  Bulletin  U.  S.  Nat.  Museum,  No.  15,  p.  143,  1879  (from 
Cumberland  Gulf). 

Amphiporus  Fahricii  Levinaen,  Bidrag  til  Kundskab  om  Groenlandfl  Turbellariefauna^ 
p.  38,  1879,  from  Vidensk.  Meddel.  fra  den  naturh.  Foren.  i  Kbhvn.,  1879-80, 
p.  200. 

Plate  xxxiii,  figures  1,  la,  2. 

Body  large  and  stout,  only  moderately  elongated  in  extension  ; 
back  convex,  sides  well  rounded,  lower  surface  flattened.  The  body 
is  very  changeable  in  form  and  can  contract  into  a  short,  thick, 
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oblong  mass ;  the  posterior  end  is  often  the  broadest  part,  but 
frequently  in  extension  the  breadth  is  nearly  uniform  throughout 
most  of  the  length ;  posterior  end  obtuse.  Head  usually  more  or 
less  distinctly  defined,  often  broader  than  the  neck,  oblong  or  ovate 
in  form,  rounded  or  obtuse  in  front,  nearly  always  with  a  conspicu- 
ous, pale,  angular  spot  on  each  side.  Ocelli  numerous,  arranged  in 
two  frontal  clusters  on  the  white  marginal  area,  and  in  two  dorsal 
groups ;  each  of  the  anterior  or  frontal  ones  consists  of  numerous 
small  ocelli  arranged  in  two  or  more  close  rows  forming  an  oblong 
or  crescent  shaped  cluster  close  to  the  antero-lateral  margin  of  the 
head ;  in  some  cases  each  of  these  clusters  is  double,  consisting  of  a 
larger,  outer  or  lower  group  and  an  upper,  smaller  one ;  but  these 
subordinate  clusters  are  usually  more  or  less  blended  ;  the  dorsal 
groups  are  smaller  and  of  fewer  ocelli,  rounded,  and  situated  at  the 
postero-dorsal  part  of  the  head,  close  to  the  ganglions,  and  usually 
on,  or  just  in  front  of,  a  narrow  whitish  line  across  the  neck  which 
marks  the  position  of  the  transverse  fossae.  Proboscis  large,  covered 
with  small  papillee.  Color  of  body,  above,  and  middle  of  head 
usually  deep  purple,  madder-brown,  or  purplish  brown,  sometimes 
plum-color,  chocolate-brown,  reddish  brown,  and  orange-brown  ; 
sides  and  lower  surface  much  paler  brown,  often  flesh-color  or 
pinkish.  The  head  is  whitish  in  front  and  is  almost  always  con- 
spicuously marked  with  two  large  angular  spots  or  patches  of  whitish 
or  flesh -color  on  the*  sides  above;  most  frequently  these  spots  are 
broady  triangular  or  trapezoidal,  with  the  apices  directed  toward  the 
median  line  above,  but  separated  by  a  wide  dorsal  stripe  of  dark 
color  like  that  of  the  body  ;  in  other  cases  the  apices  of  these  spots 
are  more  truncated,  giving  a  broad,  somewhat  squarish  form,  the 
shape  varying  with  the  extension  of  the  head;  a  little  back  of  the 
spots  a  narrow  angulated  white  line,  corresponding  to  the  transverse 
fossie,  crosses  the  neck,  but  it  is  sometimes  absent ;  in  front  of  the 
angular  spots  there  is  usually  another,  more  conspicuous,  white  line 
or  narrow  band  across  the  dark  pigment  of  the  head,  but  this  is 
sometimes  interrupted  dorsally  and  is  then  represented  by  a  narrow 
triangular  spot  of  white  on  each  side  of  the  head  ;  proboscis,  when 
protruded,  reddish. 

Length  up  to  100  to  ISO"*"  ;  diameter  G  to  S'"*"  or  more. 

Massachusetts  Bay  to  Gulf  of  St.  Lawrence,  Labrador,  Cumber- 
land Gulf,  and  Greenland.  Very  common  and  of  large  size  at 
low-water  mark,  under  stones,  at  Eastport,  Me.,  and  Grand  Menan, 
N.  B.  I  have  also  dredged  it  in  numerous  localities  off  Nova  Scotia  ; 
in  the  Bay  of  Fundy  ;  off  the  coast  of  Maine  ;  Casco  Bay  ;  off  Cape 
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Ann  ;  off  Cape  Cod,  etc.,  in  4  to  150  fathoms ;  and  in  the  Gulf  of 
St.  Lawrence,  15  fathoms. 

This  large  and  conspicuous  species  is  generally  easily  recognized 
by  its  clear,  dark  purplish  or  chocolate-brown  color  above,  with  pale 
margins  and  a  trapezoidal  or  triangular  white  spot  on  each  side  of 
the  head,  and  usually  with  a  narrow  white  line  across  the  neck  ;  and 
by  the  pinkish  or  flesh-colored  lower  surface.  Ocelli  in  two  or  more 
rows  in  an  elongated  group  on  each  antero-lateral  margin  of  the 
head,  and  a  pair  of  small  sub-dorsal  clusters  on  the  transverse  white 
nuchal  band. 

The  Planaria  angtdata  of  Otho  Fabricius  was,  without  doubt, 
based  on  this  species ;  but  his  description  being  very  brief,  writers 
have  hesitated  in  regard  to  this  identification.  His  description  of 
the  characteristic  white  angular  spots  on  the  head,  the  color,  and  the 
habits  could,  however,  apply  to  no  other  known  species.  The  re- 
discovery of  this  species  on  the  coast  of  Greenland  by  Levinsen,  and 
its  abundance  in  Cumberland  Gulf,  renders  it  quite  certain  that 
Fabricius  had  this  species  before  him.  Hence  I  have  considered  it 
necessary  to  restore  his  name. 

This  species  and  some  of  the  others  herein  described,  e.  g.  A.  fron- 
talis,  evidently  belong  to  the  group  for  which  Dr.  Stimpson  insti- 
tuted the  genus  Coamocephala,  Among  the  characters  given,  the 
clusters  of  ocelli  are  said  to  be  arranged  on  the  antero-lateral  mar- 
gins of  the  head.  The  cerebral  clusters  may,  perhaps,  have  been 
overlooked  in  at  least  one  species.  Dr.  Stimpson  has  described  two 
North  Pacific  species  that  are  evidently  closely  allied  to  A,  angtUa- 
tus,  viz  : 

Amphiporua  Beringianus  {Cosmocephala  Beringiana  St.)  This 
was  dredged  in  Bering  Straits,  in  5  fathoms.  It  closely  resembles  a 
light-colored  variety  of  A,  angulatus  and  may  be  identical  with  it. 

Amphiponis  Japonicus  (Cosmocephala  Japonica  St.)  was  from 
Simoda,  Japan,  low  water,  among  rocks.  It  differs  more  from  our 
species  than  does  the  preceding.  It  is  brown  above,  with  a  pale 
median  line,  with  irregular  pale  spots  on  the  head,  and  triangular 
cervical  spots  of  white  ;  clusters  of  ocelli  are  antero-lateral.* 

♦  Prodroinus,  in  Proc.  Phil.  Acad.  Nat.  Sci.,  ix,  p.  166,  1857.  The  extensire  col- 
lections of  invertebrates  made  by  Dr.  Stimpson  on  the  North  Pacific  Kxploring  Expe- 
dition were  nearly  all  destroyed  in  the  great  Chicago  fire  by  which  the  Museum  of  the 
Chicago  Academy  of  Science  was  burned.  His  original  notes  and  drawings  were 
burned  at  the  same  time.  His  colored  figures  of  the  Turbellaria  and  Nemerteans, 
which  I  had  the  pleasure  of  examining  not  long  before  the  fire,  were  numerous  and 
excellent.  Had  he  been  able  to  publish  his  figures  subsequent  writers  would  have 
found  it  easy  to  identify  his  new  genera  and  species,  briefly  described  in  the  Prodromus. 


A.  E.  VerriU — Marine  Nemerteans  of  New  England,  etc.     393 

AmphiporUS  multiSOrUS  VerriU,  sp.  nov. 

Plate  xxxni,  figure  3. 

Body  moderately  long,  versatile.  Head  rather  wider  than  the 
body,  rather  short,  rounded  in  front,  separated  from  the  body  by  a 
slightly  curved  transverse  fossa  on  each  side.  Front  ocelli  form  six 
small  rounded,  submarginal  clusters  ;  three  clusters  each  containing 
3  or  4  ocelli,  are  on  each  side  of  the  front  of  the  head,  arranged  par- 
allel with  the  margin  ;  the  posterior  ocelli  form  two  roundish,  sub- 
dorsal clusters,  each  containing  6  to  8  ocelli,  situated  near  the  pos- 
terior part  of  the  head,  just  in  front  of  the  pink  ganglions. 

Color  of  body,  salmon  or  flesh-color,  paler  beneath. 

Length,  in  extension,  25  to  35"*"  ;  diameter,  8  to  5"™.  Described 
from  life. 

Eastport,  Me.,  at  low  water  mark,  and  in  12  fathoms,  1870. 

This  species,  in  the  form  of  the  body  and  arrangement  of  the 
ocelli,  is  closely  allied  to  A,  angulatus,  of  which  I  formerly  supposed 
it  a  pale  variety.  The  very  pale  colors,  total  absence  of  the  white 
patches  on  the  head,  and  peculiar  grouping  of  the  anterior  ocelli  are 
characters  that  seem  to  warrant  its  separation  as  a  distinct  species, 
at  least  until  intermediate  specimens  be  discovered. 

Amphiporus  heterosorus  Verriii,  sp.  nov. 

Ampkq>orus  roseus  (pars)  VerriU,  Notice  of  Recent  Addit.  to  Mar.  Invert.,  Part  I, 
in  Proc.  National  Mus.,  vol.  ii,  p.  183,  1879.     {non  Miiller.) 
Plate  xxxiv,  figures  7,  17. 

Body  rather  stout,  rounded,  obtuse  at  each  end,  versatile.  Head 
obtuse,  usually  rather  wider  than  the  body.  Ocelli  numerous,  ar- 
ranged in  a  pair  of  roundish  clusters  on  the  posterior  pait  of  the 
head,  and  in  a  pair  of  triangular  clusters  at  the  front;  these  triangular 
clusters,  having  their  bases  at  the  anterior  margin  of  the  head,  ex- 
tend upward  and  backward  to  near  the  middle  of  the  head  and  end 
in  an  acute  apex  formed  by  a  few  ocelli,  larger  and  more  distinct 
than  the  rest.  The  posterior  groups  are  smaller,  wide  apart,  and 
distinctly  separated  from  the  anterior  ones.  A  pair  of  shallow  trans- 
verse fossae,  on  the  posterior  part  of  the  head,  runs  upward  in  line 
with  the  posterior  groups  of  ocelli.  Anterior  fossae  were  not  noticed. 
Proboscis  clavate  in  extension,  large  and  long,  equal  to  more  than 
half  the  length,  and  about  one-half  the  diameter  of  the  body,  finely 
papillose  toward  the  end,  and  light  brownish  red  in  color. 

Color  of  body,  above,  cherry-red,  clear  reddish  brown,  or  light 
chocolate-brown ;  the  sides  and  ventral  surface  flesh-color ;  a  dark, 
medial,  longitudinal  line  on  the  head. 
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Length,  in  extension,  30"^°  to  50"'"  ;  diameter  S™"*  to  6"**"  ;  length 
of  proboscis,  in  extension,  25"™  ;  diameter  To""  (Vo.  5). 

The  specimens  described  above,  from  life,  were  taken  off  Cape 
Ann,  Stat.  136  (U.  S.  F.  C),  in  26  fath.,  sand,  1878.  Eastport., 
Me. ;  Bay  of  Fundy  ;  Gulf  of  Maine  ;  Casco  Bay ;  Massachusetts 
Bay  ;  off  Cape  Cod ;  common  in  10  to  200  fathoms,  on  muddy  and 
sandy  bottoms. 

Amphiporas  tetrasorus  VerriU,  sp.  nov. 

Plate  xxxiv,  noims  t5. 

Body  very  changeable,  in  extension  roundish,  rather  thick,  taper- 
ing but  little,  obtuse  at  both  ends.  Head  as  wide  as  body,  usually 
obtuse  or  subtruncated  in  front,  separated  from  the  body  by  conspicu- 
ous transverse  fossie  which  curve  upward  and  forward  on  each  side; 
on  the  under  side  of  the  head  these  fossaa  run  forward,  on  each  side, 
to  the  mouth.  Ocelli  numerous,  forming  two  oblique,  oblong,  nearly 
parallel  clusters  on  each  side,  the  posterior  ones  just  in  front  of,  and 
parallel  with,  the  transverse  fossae. 

Color  of  body,  above,  chocolate-brown,  darker  medially  ;  head,  in 
front  of  eyes,  white  ;  body,  beneath,  whitish. 

Length,  26  to  30™"" ;  diameter,  2""".  The  specimen  described 
above,  from  life,  was  dredged  at  Station  132  (U.  S.  Fish  Com.),  off 
Cape  Ann,  Mass.,  in  45  fathoms,  mud,  July,  1878. 

AmphiporuS  lactifloreUS  (Johnston)  MclDtosh. 

Planaria  Inctfflorea  Johnston,  Zool.  Jouraal,  vol.  iii,  p.  489,  1828. 

Nemertea  lacUftorea  Johnston,  Maf?.  Zool.  and  Bot,  vol.  i,  p.  635,  pi.  xvii,  f.  2  and  3, 

1837. 
Borlasia  alba  W.  Thompson,  Ann.  Nat.  Hist.,  vol.  xv,  p.  320  (with  woodcut),  1845. 
Polia  mandilla  Quatrefages,  Ann.  des  sc.  nat ,  S"'"  s^r.,  Zool ,  torn,  vi,  p.  203,  tab.  8. 

tigs.  1  and  la,  and  tab.  9,  fig.  2,  1846. 
Xemertes  mandilla  Diesing,  Syst.  Helm.,  vol.  i,  p.  274,  1850. 
Chnaioplea  mutahilU  Diesing,  op.  cit.,  p.  262,  1 850. 
Omatoplea  rosea  Johnston,  Catalogue  Brit.  Mus.,  p.  23,  plate  iia,  f.  2,  2*  2»«,  X 

and.H*   1866. 
Omatoplea  alba  Johnston,  op.  cit.,  p.  23,  1865. 
Amphi2>orus  lacti/ioreus  Mcintosh,  British   Annelids,  Part  I,  Nemerteans,  p.   156, 

plate  1,  figs.  1  and  2,  1873;  Jensen,  Turbellaria  ad  Lit.  Norvegiae,  p.  80,  1878. 
Amphiporus  ladifloreus  Vorrill,  Notice  of  Recent  Addit.  to  Mar.  Invert.,  Part  I,  in 

Proc.  National  Mus.,  ii,  p.  184,  1879. 

Plate  xxxix,  figcres  7,  7a. 

Body  rather  elongated,  roundish  above  and  on  the  margins,  flat- 
tened beneath,  of  nearly  uniform  breadth  from  the  head   to  near 
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the  posterior  end.  Head  often  somewhat  expanded,  a  little  flat- 
tened, obtuse  or  subacute  in  front  according  to  state  of  extension. 
Ocelli  form,  on  each  side  of  head,  a  nearly  simple  submarginal  row 
on  the  antero-lateral  part,  and  behind  the  ends  of  each  of  these 
rows  there  is  a  small  cluster  of  about  three  or  four  ocelli  on  each 
side,  near  the  ganglions. 

Color  dull  white,  grayish,  or  pale  flesh-color,  often  with  a  darker 
stripe  along  the  back  due  to  the  proboscis-sheath;  along  the  margins, 
especially  beneath,  the  lateral  sacs  of  the  alimentary  canal  are 
often  visible.  Length  50  to  75""";  diameter  4  to  6™™,  in  extension. 
Elastport,  Me.,  and  Grand  Menan,  N.  B.,  at  low-water  mark,  under 
stones. 

This  species,  which  is  here  referred,  with  some  doubt,  to  the 
European  form,  is  not  uncommon  on  the  shores  of  the  Bay  of 
Fundy. 

Amphiporas  roseus  (MiiUer). 

Fasciola  rosea  0.  P.  Miiller,  Verm,  terrest.  et  fluv.  hist.,  i,  2,  p.  56,  1774. 
Planaria  rosea  Miiller,  Zool.  Danic.  Prodr.,  p.  221,  No.  2679,  1776;  Zool.  Danic, 

vol.  ii,  p.  31,  tab.  64,  fig.  1  and  2,  1788. 
Nemeries  pvXchra  Johnston,  Mag.  Zool.  and  Bot,  vol.  i,  p.  536,  pi.  xvii.  fig.  6,  1837. 
Poiystemma  roseum  (Ersted,  Kroyer'a  Nat.  Tidss.,  vol.  iv,  p.  579,  1837. 
Polystemma  ptUchrum  (Ersted,  op.  cit.,  p.  580,  1837. 
Omafoplea  rosea  (pars)  Diesing,  Syst.  Helm.,  vol.  i,  p.  251,  1850. 
Omatoplea  p^Uchra  Dieaing,  op.  cit.,  p.  252,  1850. 
Ommatopka  pulchra  Johnston,  Catalogue  Brit.  Mus.,  p.  24,  pi.  na,  fig.  6  and  6* 

1865. 
Amphtparus  ptdcher  Mclnt,  British  Annelids,  Part  I,  Nemerteans,  p.  158,  pi.  i,  fig. 

3;  PL.  XTV,  fig.  11,  1873. 

Plate  xxxiv,  figures  5,  5a,  56. 

Body  rather  stout,  not  much  elongated,  tapering  somewhat  to 
both  ends.  Head  usually  broader  than  the  body,  ovate  in  exten- 
sion, obtuse  in  front,  separated  from  the  body  by  a  slightly  marked, 
curved,  transverse  groove  or  fossa  on  each  side.  Ocelli  numerous, 
arranged  somewhat  in  four  groups,  the  anterior  pair  lateral  or  sub- 
marginal,  the  posterior  subdorsal;  the  anterior  clusters  form  long, 
crescent-shaped  groups  or  nearly  simple  rows  on  each  side,  running 
somewhat  parallel  with  the  antero-lateral  margins  of  the  head,  but 
curving  inward  posteriorly,  so  that  their  posterior  ends  nearly  meet 
on  the  median  dorsal  surface;  the  two  posterior  groups,  which  are 
opposite  the  hinder  portion  of  the  crescents  and  nearer  the  postero- 
lateral  margins  of  the  head,  have  an    irregular  roundish  or  ovate 

Trans.  CJonn.  Acad.,  Vol.  VIII.  62  June,  1892. 
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form  and  are  often  almost  united  to  the  front  groups  by  a  few 
ocelli  scattered  between  them. 

Color  of  body,  above,  clear  orange-red,  paler  beneath. 

Length  of  the  specimen  described  above,  from  life,  18  to  20"™; 
breadth  S*"™.  Massachusetts  Bay  to  Bay  of  Fundy,  in  various  local- 
ities, low-water  to  112  fathoms.  The  specimens  above  described 
were  taken  at  station  38,  1877,  in  112  fathoms,  off  Grand  Menan. 

Amphiporas  OChraceus  YerriU,  Check  List  Invert.,  1879. 

Coamocephala  ochracea  Yerrill,  Invert,  of  Vineyard  Sound,  etc.,  pp.  31,  336,  pi. 
XIX,  figs.  96,  95a,  1873. 

Plate  xxxin,  fioubbs  6,  6;  Plate  xxzix,  figure  8. 

Body  elongated,  moderately  slender,  somewhat  flattened,  but 
thick,  with  the  margins  rounded,  obtuse  at  both  ends,  or  subacute 
posteriorly ;  broadest  and  often  swollen  anteriorly;  gradually  and 


Fig.  2.     Amphiporua  ochraceus.    Head  and  part  of  body,  to  show  ocelli,  enlarged. 

slightly  tapering  posteriorly;  the  integument  is  translucent  and  the 
internal  organs  show  quite  distinctly ;  lateral  (saccular)  organs 
voluminous,  extending  nearly  the  whole  length  of  the  body  along  each 
side,  and  showing  through  as  dull  yellowish  white  mottlings.  Head 
usually  ovate,  slightly  wider  than  the  body,  obtuse;  a  slight  fossa 
or  groove,  usually  appearing  as  a  whitish  line  on  each  side,  runs 
obliquely  across  the  ventral  and  lateral  surface  of  the  head,  diverg- 
ing from  the  mouth  and  curving  somewhat  forward  and  upward  at 
the  sides;  another,  less  distinct,  is  situated  farther  forward  on  each 
side  of  the  head.  Proboscis-pore  small  and  inconspicuous  in  con- 
traction; mouth,  small.  Ocelli  numerous,  but  varying  somewhat  in 
number;  the  anterior  ones  form  a  submarginal  curved  row  along 
each  side  of  the  head,  anteriorly,  but  cui-ve  inward  farther  back  ; 
just  back  of  these,  on  each  side,  there  are  usually  four  distinct  pos- 
terior ocelli,  standing  two  by  two,  obliquely.  Color  dull  yellowish, 
or  yellowish  white,  often  tinged  with  deeper  yellow  or  orange  ante- 
riorly, with  the  median  line  lighter ;  the  position  of  the  cephalic 
ganglions  is  shown  by  faint  reddish  spots  between  the  posterior 
groups  of  ocelli. 

Length,  SO*"""  to  70™"*;  breadth,  2-5"'"^  to  3™"». 
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The  proboscis  is  large  and  thick  (PL  xxxix,  fig.  8).  The  central 
stylet  (PL  XXXIII,  fig.  6a)  has  a  rather  narrow,  oblong  shaft, 
rounded  at  the  base,  and  with  broad  basal  alse;  the  two  lateral  sacs 
usually  contain  only  two  stylets  each. 

Common  between  tides  and  in  tide  pools,  under  stones  and  creep- 
ing among  alg»,  hydroids,  bryozoa,  etc.,  on  the  piles  of  wharves 
and  other  similar  places.  Also  dredged  frequently  in  2  to  20 
fathoms,  on  stony  or  shelly  bottoms,  off  New  Haven,  Conn.  ; 
Thimble  Islands;  Noank,  Conn.;  Newport,  R.  I.;  Woods  Holl, 
Mass.;  also  dredged  at  numerous  other  localities  in  Long  Island 
Sound  and  Vineyard  Sound.  North  of  Cape  Cod  it  is  less  abund- 
ant, but  I  have  dredged  it  at  many  stations,  at  moderate  depths,  in 
Massachusetts  Bay.  It  also  occurred  between  tides  on  the  north 
shore  of  Cape  Cod,  at  Provincetown  and  Barnstable,  Mass. 


Ampbiporus  glutinosus  Verriii. 

PoHna  ghitinosti  Verrill,  iDvert.  Animals  of  Vineyard  Sound,  etc.,  p.  337,  plate  xiz, 
fig.  97,  1873. 

Plate  xxxv,  pioube  5. 

Body  rather  slender  and  elongated  in  extension,, usually  broadest 
in  the  middle  and  tapering  to  both  ends,  but  quite  versatile  in 
form;  head  not  distinct,  usually  obtuse  ;  posterior  end  narrower, 
usually  obtuse  or  slightly  emarginate;  integument  soft,  secreting  a 
large  quantity  of  mucus;  the  lateral  organs  extend  close  to  the  head. 
Ocelli  numerous,  variable  in  number,  usually  eight  or  ten  on  each 


Big.  3.    Amphiporus  glutinosus.    Outline,  enlarged. 

side,  arranged  in  three  pairs  of  short,  oblique,  divergent  rows,  two 
to  four  in  each;  proboscis-pore  moderately  large  terminal;  no  lateral 
fossie  were  observed.  Color  dull  yellow  or  pale  orange-yellow, 
sometimes  brighter  orange,  especially  anteriorly;  posteriorly  usually 
lighter,  with  a  faintly  marked  dusky  or  greenish  median  line. 

Length,  25™"*  to  30™"»  in  extension;  breadth,  l-3""»  to  2'°°^.  Great 
Egg  Harbor,  N.  J.,  to  New  Haven,  Conn.,  and  Wood's  IIoll,  Mass.; 
low-water  mark  to  6  fathoms,  usually  among  hydroids  and  bryozoa. 
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Amphiporus  griseus  (Stimp.)  Vernll. 

Polina  grisea  Stimp.,  Prodromus,  in  Proc.  Philad.  Acad.  Nat.  Sci.,  vol.  ix,  p.  164, 
1857. 

Body  rather  long,  a  little  depressed,  sub-cylindrical  in  extension, 
pale  gray  in  color.  Head  distinct,  ovate,  or  subcordate,  narrower 
than  the  body,  acute  in  front.  Anterior  clusters  of  ocelli  larger, 
elongated,  partly  submarginal  on  the  antero-lateral*  margin  of  the 
head;  ocelli  ten  in  each  cluster.  Posterior  clusters  cervical,  small, 
linear,  with  four  ocelli  in  each. 

Length  0*8  inch;  breadth  0'04  inch. 

In  the  harbor  of  Norfolk,  Va.,  sublittoral,  among  algfe  in  muddy 
places. 

The  above  is  a  translation  of  Dr.  Stimpson's  Latin  diagnosis. 
The  species  appears  to  be  closely  allied  to  A,  glutino»us. 

Amphiponis  frontalis  Verriii,  sp.  nov. 

Plate  x.xxiv,  figures  1,  la,  16,  8. 

Body  large,  versatile  in  form,  rather  elongated,  convex  above,  but 
somewhat  depressed  in  extension,  of  nearly  uniform  breadth  to  near 
the  ends,  which  are  obtuse.  Head  in  extension  usually  broader  than 
the  neck  and  separated  by  a  slight  constriction,  usually  longer  than 
broad,  but  it  may  shorten  into  short  ovate  or  broad  rounded  forms; 
front  margin  often  emarginate.  A  well-marked,  but  shallow,  ob- 
lique, transverse,  ciliated  fossa  at  the  posterior  border  of  the  head, 
on  each  side,  curves  inward  and  usually  somewhat  forward,  but 
does  not  reach  the  middle  line;  in  some  states  of  contraction  these 
fossse  curve  backward  ;  underneath,  the  fossae  run  very  obliquely 
backward  and  inward,  when  the  head  is  extended.  Near  the  front 
of  the  head,  on  each  side,  a  short  curved  fossa  runs  inward  and 
curves  forward,  nearly  parallel  with  the  posterior  ones,  beneath 
the  head  they  curve  inward  and  backward  but  they  recede  in  a 
V-shaped  curve  on  each  side  of  the  head.  Ocelli  rather  large  and 
conspicuous,  blackish,  arranged  in  a  single  irregular  cluster,  or 
double  row,  of  six  to  eight  or  more,  on  each  side  of  the  front  and 
near  the  margin  of  the  head.     Mouth  close  to  the  proboscis-pore. 

Color  translucent  white,  or  pale  gray,  or  yellowish,  with  a  darker 
dorsal  band  ;  sides  of  body  mottled  with  pale  pink  or  yellowish, 
due  to  the  internal  organs. 

A  variety  taken  at  Eastport,  Me.,  at  low  water,  1868,  was  trans- 
lucent pale  salmon,  or  flesh-color,  mottled  laterally  with  purplish 
and  yellowish,  due  to  the  internal  organs,  while  the  median  dorsal 
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region  was  greenish,  apparently  due  to  the  contents  of  the  intestine. 
Ocelli  about  10  in  each  cluster. 

Length,  in  extension,  lOO"*™;  diameter  3"*". 

Length  25  to  125™";  breadth  about  3  to  5™™.  An  individual  5 
inches  long  can  contract  to  less  than  2  inches. 

Elastport,  Maine,  low  water,  1868  and  1870. 

Axnphix>orus  mesosorus  Vernii,  sp.  nov. 

Plate  xxxiv,  figure  9. 

Body  not  much  elongated,  rather  thick,  well-rounded.  Head  of 
the  same  breadth  as  the  neck,  obtuse  in  front.  Posterior  transverse 
fossie  rather  shallow  and  indistinct.  Ocelli  numerous,  forming  a 
large,  irregular,  somewhat  triangular  cluster  on  each  side  of  the 
middle  of  the  head,  the  apex  of  the  groups  pointing  backward 
toward  the  ganglions.  In  some  cases  these  clusters  seem  to  consist 
of  two  rather  roundish  cerebral  groups,  which  blend  with  two  short, 
triangular  lateral  groups.  , 

Color  above,  bright  red;  beneath,  tiesh-color.  Length  50™"; 
breadth  3"". 

Massachusetts  Bay,  off  Salem,  Aug.  13,  1877,  station  30  (three 
specimens) 

Axnphiporas  cruentatUS    VerrUl,    Proc.  U.  S.  Nat.  Mus.,  vol.  ii,  p.  184, 
1879. 

Plate  xxxiii,  figures  7,  8,  8a;  Plate  xxxv,  piqure  3;  Plate  xxxix,  figure  9. 

A  species  peculiarly  characterized  by  having  red  blood,  so  that 
the  longitudinal  vessels  appear  distinctly  red  through  the  translu- 
cent integument.  Body  soft,  flaccid,  versatile,  in  full  extension 
slender,  tapering  to  both  ends,  but  capable  of  becoming  thicker  and 
obtuse  or  even  swollen  posteriorly,  and  of  contracting  into  a  short 
stoat  form.  Head  not  very  distinct,  scarcely  broader  than  the 
neck,  snout  strongly  ciliated.  Ocelli  about  8  to  12  on  each  side 
of  the  head,  in  a  simple,  interrupted,  longitudinal,  sublateral  row, 
the  most  anterior  ocellus  distinctly  the  largest.  Two  slight  trans- 
verse grooves  on  each  side  of  the  head,  apparently  not  extending 
across  the  dorsal  side,  the  anterior  ones  curving  forward  in  front 
of,  and  the  posterior  ones  behind  the  ganglia.  Proboscis  long, 
densely  covered  with  elongated,  conical  papillae ;  a  simple  central 
stylet,  with  two  small,  pin-shaped  lateral  ones  on  each  side  (PI.  xxxix, 
%  9). 
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Color  light  flesh-color  or  yellowish  white  with  conspicuous  bright 
red  median  and  lateral  blood-vessels. 

Length  26"^"  to  40'"°. 

Vineyard  Sound,  4  to  10  fathoms;  off  Newport,  R.  I.,  3  to  8 
fathoms.     Not  very  common. 

Amphiporus  virescens  Vemii,  Proc.  Nat.  Mus.,  p.  iss,  187&. 

Nemertes,  sp.  undet.  (c)  Verrill,  Invert.  ViDeyard  Sd.,  p.  335,  1873. 
Plate  xxxiii,  nouRES  4,  4a,  46,  4c,  4ef,  Ae. 

Body,  in  extension,  broadest  anteriorly,  rather  depressed,  long, 
slender,  tapering  gradually  to  th^  rather  attenuated  posterior  end. 
Active  in  its  movements.  Head  changeable  in  form,  rather  large, 
in  expansion  usually  ovate,  broader  than  the  body,  depressed,  and 
obtusely  rounded  in  front.  A  pair  of  faintly  marked,  nearly  trans- 
verse fossae  runs  up  on  each  side  of  the  posterior  part  of  the  head, 
crossing  the  rows  of  ocelli;  farther  forward  and  parallel  with  these 
there  is  another  pair  of  similar  furrows  that  cross  the  eye- patches, 
and  beneath  the  head  curve  forward  to  the  month.  Ocelli  numer- 
ous, forming  a  long  lateral  cluster  on  each  side  of  the  head ;  ante- 
riorly each  cluster  consists  of  three  or  more  rows,  but  backward  the 
interior  rows  cease,  finally  leaving  only  the  outer  row,  which  ex- 
tends back  beyond  the  head  and  neck.  Proboscis  in  partial  exten- 
sion clavate  and  covered  with  prominent  papillae  ;  central  stylet 
with  an  oblong  shank,  which  in  one  mounted  specimen  is  light 
greenish  blue,  together  with  the  transverse,  pigmented  band  near  it. 

Color  clear  light  green,  varying  in  tint. 

Length  of  largest  specimen  seen,  about  40™".  New  Haven  and 
Noank,  Conn.;  Newport,  R.  I.;  Wood's  HoU,  Mass.,  etc.  Common 
in  shallow  water  among  hydroids  and  ascidians,  and  on  the  piles 
of  wharves  between  tides. 

Amphiporus  agilis  Verriii. 

Ophionemertea  agilis  Verrill.  Am.  Jour.  Science,  vii,  p.  45,  pi.  7,  fig.  1,  1873;  Ver- 
rill, Expl.  of  Casco  Bay,  Id  Proc.  Amer.  Absoc.  for  1873,  p.  389,  pi.  2,  fig.  4. 

Amphiporus  agilis  Verrill,  Notice  of  Recent  Addit.  to  Mar.  Invert.,  Part  I,  in  Proc. 
National  Mus.,  ii,  p.  183,  1879. 

PLATB  XXXV,  FIGDBB  4. 

Body  versatile,  slender  and  elongated  in  extension,  slightly  de- 
pressed, with  the  sides  well  rounded,  thickest  in  the  middle,  taper- 
ing gradually  to  the  slender,  obtuse  posterior  end.  Head  some- 
what separate  from,  and  wider  than,  the  anterior  part  of  the  body, 
changeable  in  form,  often  oval,  sometimes  sub-triangular,  generally 
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longer  than  broad,  narrowed  anteriorly,  obtuse  or  slightly  emar- 
ginate,  with  a  terminal  proboscis-pore.     Ocelli  numerous,  forming 


Fig.  4.    Amphiporus  agilis.     Outline,  enlarged. 

a  long,  crowded,  lateral  row  or  group  along  each  side  of  the  head; 
the  rows  are  simple  and  convergent  anteriorly,  posteriorly  they 
become  broader  and  double.  Back  of  the  ocelli  there  is  a  curved 
transverse  groove  or  fossa,  crossing  the  back  of  the  head.  No 
anterior  fossae  were  observed.  Color  pale  ocher-yellow  ;  median 
dorsal  line  slightly  reddish ;  the  internal  lateral  organs  lighter 
yellovr,  giviug  a  reticulated  appearance  to  the  sides. 

Length  25°^"*  to  40"'";  diameter  IS™"*  to  2™°.  Described  from 
life  (No,  546). 

Casco  Bay,  20  to  66  fathoms;  Bay  of  Fundy,  10  to  90  fathoms; 
Massachusetts  Bay  and  off  Cape  Cod,  12  to  60  fathoms. 

This  species  is  very  active  and  restless.  It  creeps  with  a  rapid 
gliding  motion,  frequently  moving  its  head  from  side  to  side,  and 
in  confinement  is  apt  to  creep  above  the  edge  of  the  water  and 
perish  by  drying  up.  It  secretes  mucus  abundantly  and  forms 
tubes  of  that  material.  It  also  creeps  on  the  surface  of  the  water, 
back  downward,  like  most  of  the  species  of  Tetrastemma,  which  it 
closely  resembles  in  habits. 

Amphiporus  biOCUlatUS  ?  Mcintosh. 

Plate  xxxiv,  figures  3,  4,  1 5. 

Body  rarely  more  than  1*5  inches  long,  soft,  changeable  in  form, 
in  extension  usually  rather  short  and  thick,  roundish,  tapering  only 
slightly  toward  the  ends,  which  are  usually  obtuse  ;  the  posterior 
region  is  sometimes  broader;  head  not  wider  than  the  body,  not 
distinctly  defined,  m  extensiop  tapering  to  the  front  end,  which  is 
usually  subacute  ;  ocelli  two,  forming  a  pair,  close  together  and 
near  the  front  margin  of  the  head.  A  pair  of  small,  rather  faint, 
anterior  transverse  fossae  passes  upward  and  forward  on  the  sides 
of  the  head,  just  back  of  the  eyes,  usually  showing  only  as  pale 
lines,  apparently  not  meeting  dorsally. 

Color  dark  orange-red,  varying  to  pale  orange  and  salmon,  with 
paler  margins  and  ventral  surfaces  and  usually  with  darker  brown- 
ish mottlings  along  the  sides  posteriorly,  due  to  the  internal  organs; 
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the  large  proboscis-sheath  and  proboscis  can  often  be  seen  indis- 
tinctly along  the  median  dorsal  region. 

Length,  in  extension,  about  35  to  40*""^ ;  diameter  2'6  to  3-5™°. 

Length  of  a  specimen  from  station  8U,  in  19  fathoms,  18  to  20™°"; 
diameter  1*25  to  2"°». 

Proboscis  large ;  its  armature  consists  of  a  slender  central  stjlet 
having  an  elongated,  narrow,  oblong  or  cylindrical  shaft,  sur- 
rounded by  a  small  dark-colored  basal  expansion.  Below  the  stylet 
there  is  a  dark  pigmented  transverse  band.  Described  from  living 
specimens. 

Long. Island  Sound,  near  New  Haven,  etc.;  Fisher's  Island  Sound; 
and  Vineyard  Sound,  in  I  to  10  fathoms,  not  uncommon.  Noank, 
Conn.,  in  harbor  mud,  1874.     Off  Block  L,  19  fath.,  sand,  (Sta.  811). 


Amphiporus  CBBCUS  Venill,  sp.  nov. 
Nemertest^  sp.  undet.    (a),  Invert,  of  Vineyard  Sound,  etc.,  p.  336,  1873. 
Plate  xxxiv,  fioubes  2,  2a,  26,  2c. 

Body  soft,  oblong,  flattened,  obtuse  at  both  ends,  the  edges 
rounded.  Head  not  distinctly  separated  from  the  body  and  of  the 
same  breadth  ;  a  faint  whitish  groove  crosses  the  neck,  receding  in 
the  middle  above,  and  extends  around  on  each  side  to  the  ventral 
surface,  on  which  it  advances  in  the  middle,  or  runs  directly  across, 
according  to  the  state  of  contraction.  No  ocelli.  The  cephalic 
ganglions  can  usually  be  seen  through  the  integument  of  the  head, 
especially  on  the  lower  side,  as  reddish  spots. 

Color  bright  orange-red;  lighter  orange-yellow  along  the  sides; 
usually  with  a  median  dorsal  stripe  of  darker  red. 

Length,  in  extension,  35  to  40"™;  diameter  2*5  to  3^"^.  Described 
from  living  specimens. 

North  of  Block  Island,  18  to  20  fathoms,  Aug.  6,  1874. 

Amphiporus  CBBCUS  Young. 

Body  very  slender.  Head  acute.  Ocelli  none.  Proboscis  with  a 
central  stylet  having  a  narrow  oblong  shaft  and  expanded  base, 
much  as  in  that  of  A,  ochraceus;  lateral  stylets  not  observed,  per- 
haps wanting. 

Color  pale  yellowish  white,  with  the  head  red. 

Length  about  6  to  7"^™. 

Station  812,  in  28  fathoms,  sand.     Off  Block  Island,  1880. 


A.  JEL  VerrUl — Marine  Nemerteans  of  New  JSnqland,  etc,     403 
Amphipoms  thallius  Yeniu. 

Amphiporus  sp.,  Verrill,  Bulletin  U.  S.  Nat.  Mus.,  No.  15,  p.  143,  1879  (with 
description). 

Body,  as  preserved  in  alcohol,  thick,  not  very  long,  somewhat 
depressed,  tapered  a  little  to  both  ends,  which  are  obtuse.  Head 
not  very  distinct,  of  the  same  width  as  the  body;  transverse  fosssB 
at  back  part  of  head  not  very  distinct,  running  back  obliquely  on 
each  side,  so  as  to  form  a  V-shaped  line  on  the  middle  above. 
Ocelli  minute,  arranged  in  a  small  roundish  cluster  on  each  side, 
on  the  pale  anterolateral  margins; 

Color,  in  alcohol,  dark  bluish  green  above  ;  under  surface  and 
margins  of  head  yellowish  white.  In  life  "  bright  pea-green " 
(Kumlin).     Length,  in  alcohol,  25  to  30"";  diameter  4  to  S*""*. 

Cumberland  Gulf,  N.  lat.  66°,  October  4,  1887;  Arctic  Island,  at 
low  water,  Sept.  13,  1877  (Kumlin  coll.). 

The  very  peculiar  and  strongly  marked  color,  which  persists  for 
years  in  alcoholic  specimens,  appears  to  be  characteristic  of  this 
species. 

Axnphiporus  (?)  superbus  VerniL 

Nareda  superha  Girard,  in  Stimpson,  Invert.  Grand  Menan,  p.  28,  pi.  2,  fig.  17,  1853. 
Plate  xxxiv,  figure  16. 

-This  species  was  dredged  off  Grand  Menan  in  40  fathoms  by  Dr. 
W  m.  Stimpson.  The  description  by  Girard  was  evidently  based  on 
the  drawing  furnished  him  by  Dr.  Stimpson,  and  could  not  have 
furnished  anything  more  than  the  external  appearance.  I  have 
reproduced  the  original  figure,  somewhat  reduced  by  photography. 
The  original  description  is  as  follows: 

"Nabeda  Grd." 

"Body  elongated,  subcylindrical.  Head  obtusely  triangular  in 
front,  neck  slightly  contracted;  one  pair  of  rounded  ocelli." 

"  JV.  superba  Grd. — Length  from  one  to  two  inches;  body  pos- 
teriorly attenuated ;  head  forming  an  equilateral  triangle ;  the  base 
of  which  is  at  the  contracted  neck.  Color  above  uniform  soft  red ; 
head  margined  by  a  narrow  band  of  white.  The  neck  is  also 
marked  by  a  transverse  band  of  white,  on  which  the  eyes  are  situ- 
ated, far  apart.  Below  white.  Dredged  in  thirty-five  fathoms,  in 
the  Hake  Bay." 

The  only  character  mentioned  which  could  have  been  considered 
as   of  generic  value  is   the  presence  of   two  eyes  (?)  on  the  white 

T&AN&  Conn.  Aoad.,  Vol.  VIII.  63  June,  1892. 
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nuchal  band.  But  it  is  much  more  probable  that  those  spots  repre- 
sented either  the  cephalic  ganglions,  which  usually  show  themselvee 
in  that  position  in  this  group,  or  else  clusters  of  small  ocelli. 

In  the  latter  case  there  may  also  have  been  small  anterior  ocelli 
that  were  overlooked.  £ither  supposition  is  consistent  with  its  sup- 
posed relation  to  the  known  species  of  Amphiporus  with  many  of 
which  it  agrees  in  form. 

.Although  I  have  spent  part  of  several  summers  dredging  in  the 
region  of  Orand  Menan,  and  have  dredged  even  in  the  same  locality 
where  this  species  was  obtained,  I  have  never  met  with  a  Nemer- 
tean  that  could  be  referred  to  the  same  species  with  certainty,  even 
after  making  allowances  for  errors  in  the  original  drawing.  The 
nearest  approach  to  it  that  I  have  seen,  is  a  red  variety  of  A.  angu- 
latua  in  which  the  angular  pale  spots  on  the  sides  of  the  head  are 
nearly  obsolete,  and  the  front  ocelli  inconspicuous.  I  have,  there- 
fore, reproduced  the  original  description  and  figure. 

Tetrastemma  Ehrenberg,  1831. 

Polia  {pan)  Quatr ,  Ann.  des  sci.  nat.,  vol.  vi,  1846. 

(Erstedia  Quatr.,  op.  cit,  p.  221 ;  Dies.,  Syst.  Helm.,  vol.  i,  p.  247  {non  Buhrecht). 

Tetrasiemma  Diesing,  Syet.  Helm.,  vol.  i,  p.  256,  1850 ;  Stimpson,  Prodromus,  io 

Acad.  Nat.  Sci.  Philad ,  p.  163  [19],  1853. 
Nemertea  (pars)  Dies.,  Syat.  Helm.,  vol.  i,  p.  269,  1850. 

Body  rather  small,  moderately  elongated,  often  nearly  terete. 
Head  in  some  species  wider  than  neck,  but  in  many  species  of  the 
same  breadth.  Transverse  fossaB  usually  two  on  each  side  of  the 
head,  more  or  less  oblique.  Ocelli  four,  arranged  in  a  quadrangle. 
Proboscis  with  a  central  stylet  and  two  lateral  chambers,  each 
usually  containing  two  to  four  stylets. 

A  terrestrial  species  of  Tetrastemma  (.7!  agricola)  has  been 
described  from  the  Bermudas  by  Moseley.  Fresh  water  species  of 
the  same,  or  a  closely  allied  genus,  are  also  known. 

Tetrastemma  candidum  (Fabr.)  (Ersted. 

?  Fasciola  Candida  0.  Fabr.  in  0.  F.  Miiller,  Term,  terreyt.  et  flu  v.  hiat,  f,  ii,  p.  71, 

1774. 
fPlanaria  Candida  0.  Fabr.  in  0.  F.  Miiller,  Zool.  Dan.  Prodr.,  p.  223,  No.  2704, 

1776;  0.  Fabricius,  Fauna  Groenlandica,  p.  327,  1780. 
Planaria  quadriociUata  (pars)  Jobnuton,  Zool.  Jour.,  vol.  iv,  p.  56,  1829. 
Nemertes  qttadrioculata  Johnston,  Mag.  Zool.  and  Bot.,  vol.  i,  p.  535,  pi.  xvii,  flg.  4. 

1837. 
Tetrastemma  varicolor  (pars)  (Ersted,  Kroyer's  Naturhist.  Tidss.,  iv,  p.  675,  1837; 

Diesing,  Syst.  Helm.,  vol.  i,  p.  257,  1850. 
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Tetrasiemma  gnxniandicum  Diesing,  op.  cit.,  p.  269. 

Tetrastemma  Candida  MclDtosh,  British  Annelids,  Part  I,  Nemerteans,  p:  167,  pi.  ii, 
figs.  2,  3,  1873  (non  Diesing,  Syst.);  Levinsen,  Grcenlands  Turbell.,  p.  39  [200], 
1879;  Verrill,  Amer.  Jour.  Sci ,  vol  x,  p.  40,  1875;  Check  List,  1879. 

Plate  xxxiii,  figures  9,  10,  10a;   plate  xxxv,  figures  9,  10. 

Body  very  contractile,  in  extension  slender,  elongated,  somewhat 
depressed,  tapering  backward  and  often  attenuated  toward  the 
posterior  end.  Head  in  usual  extension  rather  wider  than  the  body. 
Ocelli  rather  large,  conspicuous,  reddish  brown,  nearly  in  a  square, 
but  when  the  head  is  fully  extended,  the  two  pairs  are  farther  apart 
than  the  distance  between  those  of  a  pair. 

Color  variable,  usually  pale  green,  greenish  white,  or  yellowish 
white,  translucent,  and  generally  with  indistinct  lateral  grayish 
mottling,  due  to  the  internal  organs;  sometimes  the  intestinal  area 
is  decidedly  greenish,  while  the  sides  are  pale  yellow  ;  at  other 
times  the  median  region  is  whitish  and  the  sides  pale  green. 
Several  specimens,  taken  at  Eastport,  Me.,  in  South  Bay,  8  to  10 
fathoms,  mud,  1868,  were  clear  cream  color  above,  whitish  below. 

Length  in  extension  25  to  32™";  diameter  1  to  2"". 

Common  at  many  localities  between  tides,  among  algae,  hydroids, 
and  bryozoa  from  New  Haven,  Conn.,  to  the  Bay  of  Fundy.  Also 
dredged  at  moderate  depths,  1  to  14  fathoms,  in  many  localities. 

This  species  is  very  active  ;  it  creeps  rapidly  with  a  gliding 
motion.  The  relatively  larger  size  of  the  head,  more  conspicuous 
eyes,  and  lighter  colors,  as  contrasted  with  the  following  species,  are 
its  most  distinctive  characters. 

It  seems  to  me  very  doubtful  whether  the  Pldnaria  Candida  of 
Fabricius  was  this  species.  The  large  size  and  the  habits  given  by 
him,  and  lack  of  mention  of  the  eyes  are  against  that  view.  His 
species  may  have  been  Amphiponts  lactifloreus^  a  Greenland  species. 

Tetrastemma  Candida.   Variation?. 

Several  specimens  of  the  variety  figured  on  plate  xxxiii,  figs.  10, 
10a,  were  taken  on  the  piles  of  the  wharves  at  Gloucester,  Mass., 
July  24,  1878.  These  were  probably  not  full  grown.  The  body 
was  8  to  12""  long,  in  extension,  slender,  very  changeable,  usually 
of  nearly  uniform  breadth  to  near  the  ends.  Head  obtuse  and 
usually  a  little  wider  than  the  body,  but  very  changeable  in  shape; 
when  extended  the  ocelli  were  farther  apart  longitudinally  than 
transversely,  but  when  the  head  contracted,  as  in  progression,  the 
two  pairs  of  ocelli  were  brought  near  together,  as  shown  in  the 
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figures.  The  form  and  direction  of  the  two  pairs  of  rather  indiB- 
tinct,  transverse  cephalic  fossae  also  varied  greatly  with  the  changes 
in  the  shape  of  the  head.  The  two  lateral  stylet-sacs  of  the  pro- 
boscis contained  three  stylets  each. 

Color  of  body,  above,  pale  yellowish  green,  or  pale  brown;  head 
with  an  opaque,  flake- white  spot  in  front  of  the  eyes;  along  the 
margins  of  the  body  the  internal  organs  produce  series  of  brownish, 
irregular,  transverse  spots  or  blotches,  varying  in  depth  of  color; 
alternating  with  these  spots,  and  so  interrupting  the  marginal  dark 
bands,  there  are  small,  rounded  whitish  spots,  probably  due  to  the 
ovaries. 

Tetrastemma  elegans  Yerriii. 

Tetrastemma  elegans  Verrill,  Amer.  Joura.  Scl,  vol.  x,  p.  40,  1875. 

f  Hecate  elegans  Girard,  Proc.  Boston  Soc.  Nat.  Hist.,  vol,  iv,  p.  186,  1862. 

Plate  xxxiv,  pigurb  10. 

Body,  in  extension,  longer  and  more  slender  than  most  species  of 

the  genus,  depressed,  broadest  in  the  middle,  tapering  both  ways. 

Head  ovate,  broader  than  the  neck,  obtuse  or  emarginate  in  front; 

lateral   fossae  not  very  distinct.      Ocelli  conspicuous,  nearly  in  a 


Tetrasiemma  elegans.     Dorsal  view. 


square,  the  front  pair  rather  nearer  together  than  the  others.  Color 
above,  striped  with  two  broad  brown  lateral,  and  a  wide  median, 
yellow  stripe;  the  median  stripe  is  clearly  defined,  clear  light  yellow 
and  occupies  about  a  fourth  of  the  breadth  of  the  back;  it  extends 
to  the  front  of  the  head,  becoming  narrow  on  the  neck  and  then 
expanding  on  the  middle  of  the  head;  a  narrow  ring  of  light  yellow 
surrounds  the  neck,  just  behind  the  head;  the  two  stripes  of  dark 
brown  are  well  defined,  but  have  irregular  margins  and  are  varied 
in  color  by  paler  specks ;  lower  surface  and  margins  of  body  and 
head  pale  yellow. 

Length  20"*'°;  breadth  1  to  1'6™".     Described  from  life. 

Noank,  Conn.,  among  eel-grass ;  Fisher's  Island  Sound,  2  to  8 
fathoms;  Wood's  HoU,  Mass.,  on  piles  of  wharf. 

A  paler  variety  occurs  in  which  the  lateral  bands  are  lighter 
brown,  interrupted  by  yellowish  spots,  and  the  dorsal  stripe  is  less 
clearly  defined. 
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Tetrastemma  vermiculus  (Quatr.)  stimpson. 

JP&lia  vermiculus  Quatrefages,  Ann.  des  sc  nat,  aer.  Ill,  Zool.,  vol.  vi^  p.  214,  1846; 

Voyage  en  Sicilie,  vol.  ii,  p.  126,  pi.  iiv,  figs.  12,  13,  1849. 
^ferneries  vermiculus  Diesing,  Syst.  Helm.,  vol.  i,  p.  270.  1850. 
Tetrastemma  vermiculus  Stimpson,  Proc.  Acad.  Nat.  Sci.  Philad,  vol.  ix,  p.  163  (19), 

1857 ;  Diesing,  Revis  der  Turbell.,  p.  290,  1862. 
Tetrastemma  vermicula  Mcintosh,  British  Annelids,  Part    I,  Nemerteans,  p.  169, 

Plate  in,  fig.  3,  1873. 
Teirtutemma  vermiculus  Verrill,  Notice  of  Recent  Addit.  to  Mar.  Invert.,  Part  T,  in 

Proc.  National  Mns.,  ii,  p.  184,  1879;  Check  List,  1879. 

Plate  xxxiii,  nouBss  11  to  lie;   platb  xxxrv,  figures  11,  12;    plate   xxrv, 

FIGURES  8,  11. 

Body  versatile,  rather  slender  in  extension,  obtuse  at  both  ends; 
sometimes  tapered  to  the  posterior  end,  but  more  often  of  nearly 
uniform  diameter.  Ocelli  conspicuous,  the  two  pairs  rather  far 
apart  when  the  head  is  extended,  those  on  the  same  side  farther 
separated  than  those  of  a  single  pair,  and  connected  by  a  dark  line 
of  pigment,  which  is  rarely  absent. 

Color  rather  variable;  above,  often  pale  yellowish,  or  pale  salmon, 
or  translucent  yellowish  gray,  more  or  less  specked  or  spotted,  espe- 
cially along  the  sides,  with  brown,  often  leaving  a  paler,  wide, 
rather  indefinite  dorsal  stripe  ;  ventral  surface  and  front  of  head 
pale. 

Length,  in  extension,  about  20""*;  breadth  l™"*.  Described  from 
life. 

Many  specimens  taken  at  Wood's  HoU  in  the  mud  of  Little  Har- 
bor, July  25th,  1881,  and  August  4th,  1882,  varied  from  dull  orange- 
yellow  to  bright  greenish  yellow,  more  or  less  covered  with  specks 
of  brown,  especially  on  the  sides,  yet  not  forming  a  definite  dorsal 
stripe,  but  with  a  darker  brownish,  often  indistinct  stripe  on  each 
side  of  the  head  between  the  eyes. 

Length  up  to  18  to  20'""*. 

Young — several  young  specimens  of  this  species  were  taken 
together  in  a  tide-pool,  in  1878  (No.  12). 

Body  slender,  of  nearly  the  same  width  throughout.  Ocelli  con- 
spicuous, the  two  pairs  more  widely  separated  than  usual  when  the 
bead  is  extended  ;  the  front  ones  a  little  larger  than  the  others. 
Color  translucent  pale  yellow,  bright  salmon,  and  flesh-color,  usually 
with  a  white  median  spot  in  front  of  the  anterior  ocelli,  and  some- 
times, also,  with  other  white  specks  along  the  back;  frequently  an 
irregular  brownish  band  runs  along  each  side  of  the  back;  median 
line  paler.     In  many  of  the  specimens  a  faint  longitudinal  line  of 
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dark  brown  pigment  specks  runs  between  the  ocelli  on  each  side. 
In  one  example  the  median  region,  posteriorly,  was  green  probably 
from  the  contents  of  the  intestine  showing  through  the  integument. 

Gloucester,  Mass.,  at  Ten  Pound  Island,  in  a  tide-pool  at  low- 
water,  among  algae. 

This  European  species  is  common  among  hydroids,  bryozoa,  ascid- 
ians,  etc.,  between  tides,  on  rocks,  piles  of  wharves,  and  in  tide- 
pools,  from  Long  island  Sound  to  the  Bay  of  Fundy.  I  have,  also, 
often  dredged  it  in  2  to  12  fathoms,  at  various  localities  on  hard 
bottoms.  It  is  especially  abundant  among  ascidians  in  Vineyard 
Sound,  in  6  to  10  fathoms.  Very  common  at  Noank,  Conn.,  in  the 
harbor,  on  muddy  bottoms  among  eel-grass.  Common  in  similar 
places  and  on  piles  of  wharves,  at  Wood's  Holl,  Mass.,  and  Newport, 
R.  I. 

Tetrastemma  vermiculus,  variety  catenulatum  nov. 

PlATB  XXXIV,  FIGURE  12;   PLATE  XXXV,  FIGURE  11. 

Form  and  size  essentially  as  above  described.  Ground-color, 
above,  light  salmon,  pale  yellow,  or  yellowish  gray,  thickly  covered 
along  the  sides  with  irregular  specks,  spots,  or  blotches  of  brown, 
which  at  more  or  less  irregular  intervals  extend  upward  toward  or 
across  the  middle  line,  interrupting  the  median  dorsal  light  stripe, 
which  is  often  thus  divided  into  a  series  of  irregular  oblong  or 
elliptical  spots;  sometimes  there  is  also  a  row  of  small  brown  spots 
along  the  median  line;  middle  of  head  pale,  often  with  flake- white 
specks;  stripe  of  dark  color,  more  or  less  distinct,  between  the  two 
eyes  of  each  side ;  lower  surface  pale  yellow  or  yellowish  white- 
Length  up  to  18™™;  diameter  1"*™.  Described  from  life.  Specimens 
of  this  marked  variety  are  common  in  the  harbor  at  Wood's  Holl, 
Mass. 
Other  specimens,  from  the  same  locality,  were  noted  as  follows: 
Body  very  changeable,  often,  in  extension,  narrow  or  sub-acute  at 
both  ends  and  more  or  less  swollen  in  the  middle,  at  one  or  more 
places,  at  other  times  nearly  cylindrical  or  terete.  Color  pale 
yellowish  or  grayish  green,  with  a  darker  central  line  on  the  pale 
dorsal  stripe  and  with  irregular,  transverse,  lateral  markings.  Or 
specks  of  darker  brown  are  scattered  over  the  back,  and  are  often 
arranged  in  imperfect  lateral  stripes,  leaving  a  paler,  wide,  more  or 
less  irregular  and  interrupted  median  stripe;  lower  surface  pale. 
Ocelli  reddish  brown,  forming  nearly  a  square.  Usually  a  line  of 
dark  pigment  connects  the  two  ocelli  of  the  same  side  (No.  857). 
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Tetrastemma  dorsale  (AbUdgaard)  MclDt. 

Flanaria  dorsaiia  Abildgaard,  Zool.  Danic,  voL  iv,  p.  25,  tab.  142,  figs.  1-3,  1806. 
TetrcufUinma  fuscum  (Ersted,  Kroyer's  Naturhist  Tidss.,  iv,  p.  675,  1844. 
(Erstedia  maculata  Quatr.,  Ann.  Sci.  Nat.,  ser.  Ill,  vol.  vi,  p.  222,  pi.  viii,  fig.  2. 
Tetrtutemma  marmoratum  Clapar^de,  Beobach.  ikber  Anat.  u.  EntwickluDg.,  eta,  p. 

24,  pi.  V.  fig.  H,  1863  (Tariety). 
Tetrcuiemma  variegatum  Johnston,  Catalogue  Brit.  Mus ,  pp.  20  and  289,  1865. 
Tetrastemma  doracUia  Mcintosh,  British  Annelids,  Fart  1,  Nemerteans,  p.  172.  pi.  i, 

fig.  4;  pi.  Ill,  fig.  4,  1873;  VerriU,  Check  List,  1879. 
TUrastemma  dorsale  Jensen,  Turb.  ad  Litorla  Norvegise,  p.  81,  pi.  Tin,  figs.  9  to  12, 

1878. 

Plate  xxxiv,  fioubbs  13,  14. 

Body  only  moderately  elongated,  sub-terete,  usually  nearly  cylin- 
drical in  extension,  with  both  ends  obtuse.  Head  not  wider  than 
the  body,  with  two  rather  indistinct  transverse  fossie  on  each  side. 
Ocelli  forming  nearly  a  square;  in  full  extension  more  distant  longi- 
tudinally than  transversely.  Proboscis-pore  a  little  below  the  end 
of  the  snout.  Proboscis  large,  when  protruded  more  than  three- 
fourths  the  length  of  the  body,  thickly  covered  with  acute  papillsa. 

Color  variable  ;  generally  brown  or  dull  reddish,  with  a  well 
defined  light  dorsal  stripe;  or  else  variegated  or  mottled  with  two 
or  more  shades  of  brown,  with  or  without  the  dorsal  stripe. 

Length  up  to  20'»"»;  diameter  1-6  to  2"°*. 

Variations, — Among  the  variations  noted  in  life,  are  the  follow- 
ing:— 

Several  examples  were  taken  together  at  stations  310  to  313,  off 
Cape  Cod,  in  15  to  21  fathoms,  1879. 

In  these  the  general  color  above  was  brownish,  with  a  conspicu- 
ous pale,  flesh-colored  dorsal  stripe,  bordered  with  dark  brown  on 
each  side ;  the  brown  lateral  stripes  were  freckled  with  white 
specks;  a  pale  line  crosses  the  neck  behind  the  eyes;  front  of  the 
head,  margins  of  the  body  and  tip  of  the  tail  pale  flesh-color. 
PL  xxxiv,  fig.  13. 

Length  12  to  18"™;  diameter  1*5  to  2°^°. 

Other  specimens  had  the  following  characters :  ' 

Body  slender,  10*°"*  long;  1*""™  broad.  Color  cinnamon-brown, 
specked  with  darker  brown,  and  with  a  pale  median  line.  Ocelli 
conspicuous,  black.  When  the  head  is  extended  the  two  pairs  are 
more  distant  than  the  space  between  those  of  the  same  pair.  Pro- 
boscis large,  more  than  three-fourths  as  long  as  the  body,  thickly 
covered  with  acute,  conical  papillae,  and  protruded  from  a  large 
pore,  which  is  sub-ventral.  Two  slight  transverse  fossae  are  seen  on 
each  side  of  the  head. 

Broad  Sound,  Casco  Bay,  July  22,  1873  (No.  72i). 
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Tetrastemma  dorsale,  variety  xnarmoratTim  (Clap). 

Plate  xxxiv,  figure  14. 

Body  terete,  somewhat  elongated  in  extension,  obtuse  at  both 
ends.  Proboscis  large,  protruded  from  the  sab-terminal  pore, 
thickly  covered  with  papillse.  Color  pale  olive-brown,  or  chestoat- 
brown,  irregularly  mottled  and  blotched  with  darker  brown. 

Length  18"";  diameter  1-5"".     Described  from  life  (No.  735). 

Portland,  Me.,  in  2  to  3  fathoms,  harbor  mud,  July  28,  1873. 

A  paler  colored  race,  probably  closely  related  to  this  variety,  was 
taken  in  the  harbor  of  Eastport,  Me.,  in  12  fathoms,  in  1872  (Xa 
607).  The  body  was  changeable  in  form,  usually  nearly  cyliDdrieal, 
and  obtuse  at  both  ends.  Ground-color  pale  yellow  or  salmon,  thi<^r 
blotched  and  mottled  with  dark  brown,  or  greenish  brown ;  some 
specimens  had  an  inconspicuous  ring  of  yellowish  white  aroond  Uie 
neck.     Length  15  to  18"";  diameter  1*25  to  2"". 


Tetrastemma  dorsale,  variety  umcolor  VemU,  nov. 

A  specimen  taken  in  Eastport  Harbor,  off  Friar's  Head,  in  19 
fathoms,  August  20,  1870,  agreed,  with  this  species  in  form  lot 
differed  so  much  in  color  that  it  probably  ought  to  be  considered 
as  representing  a  distinct  variety,  at  least: — 

Body  moderately  slender,  slightly  depressed,  with  the  sides 
rounded.  Head  obtuse,  four  distinct  black  ocellL  Color,  aboTe, 
uniform  dark  fuscous  brown;  lower  surface  paler. 

Another  specimen  taken  in  1879,  according  to  the  notes  made 
from  life,  probably  belongs  to  the  same  variety: — 

Body  moderate  in  extension,  broadest  at  or  behind  the  middle, 
tapering  to  both  ends,  not  very  slender.  Ocelli  well  developed,  the 
two  pairs,  when  the  head  is  extended,  wider  apart  than  the  distance 
between  those  of  the  same  pair.  A  very  distinct  transverse  foasa, 
on  each  side  of  the  head,  runs  upward  and  backward  just  in  fr<fflt 
of  the  posterior  ocelli,  but  the  two  do  not  meet  on  the  middle  line. 

Color  of  the  body,  above,  clear  brown,  the  margins,  head,  and 
under  surface  paler. 

Length  8"";  breadth  1"". 

Station  331,  off  Cape  Cod,  in  28  fathoms,  1879. 
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Tetrastemma  vittatum  Verriii. 

American  Journal  of  Science,  vol.  vii,  p.  46,  pi.  vii,  fljj^s.  3,  a,  6,  1874 ;  Proc.  Ainer. 
Assoc  for  Adv.  of  Science  for  1873,  p.  389,  pi.  if,  figs.  7,  8,  1874;  Verrili, 
Notice  of  Recent  Addit.  to  Mar.  Invert.,  Part  I,  in  Proc.  National  Mus.,  ii,  p. 
185,  1879  (not  (Ersie^lia  vitUiia  Hubr  ) 

Plate  xxxv,  riouRES  6,  7. 

Body  rather  short  and  fttout,  up  to  2  or  3  inches  in  length,  soft, 
changeable,  in  extension  nearly  cylindrical  bnt  often  a  little  flat- 
tened beneath,  tapering  slightly  anteriorly,  or  sometimes  both  ways, 
asually  obtuse  at  the  posterior  end. 

a  b 


Fig.  6.     Tetrastemma  vittatum ;  o,  head,  dorsal  view ;  6,  front  view,  much  enlarged. 

Head  asually  slightly  narrower  than  the -body,  with  a  transverse 
groove  or  constriction  in  front  of  the  posterior  eyes ;  front  end 
obtuse,  conical,  or  rounded.  Ocelli  four,  small,  rather  indistinct  in 
dark  colored  specimens ;  the  anterior  ones  are  nearer  together  than 
the  posterior,  which  are  far  back  behind  the  transverse  groove, 
which  extends  across,  beneath,  and  crosses  the  median  line  above. 
ProboBcis-pore  terminal. 

Color  of  body,  above,  dark  or  light  olive-green,  dull  yellowish 
green,  or  greenish  brown,  or  even  greenish  black,  often  with  two 
yellowish  or  light  green  dorsal  stripes  and  sometimes  with  one 
median  light  stripe  ;  beneath  paler,  mottled  laterally.  Color  of 
head,  in  advance  of  the  transverse  groove,  various  shades  of  olive- 
green  and  dark  green,  white  at  the  tip,  and  with  six  longitudinal 
whitish  or  pale  greenish  stripes,  which  converge  to  the  end  ;  two  of 
these  stripes  are  dorsal,  two  are  ventral,  and  one  is  lateral  on  each 
side;  the  green  line  between  the  two  dorsal  stripes  extends  back  on 
the  body.  Internal  organs  show  through  the  integument  as  irreg- 
ular, short,  transverse  blotches  or  bars  of  lighter  color  along  the 
sides  beneath. 

Length  in  extension  usually  about  25  to  SO™*";  diameter  3  to  4™"; 
unusually  large  examples  have  been  taken  as  much  as  75"'"*  longf, 
gmm  hroad.     Described  from  life. 

Tbans.  Cokn.  Acad.,  Vol.  VIII.  54  J^ne,  1892. 


412     A.  E.  VerriU — Marine  Nem&rteans  of  New  England^  etc. 

Long  Island  Sound,  Vineyard  Sound,  Massachusetts  Bay,  Casco 
Bay,  Bay  of  Fundy,  etc.,  low-water  mark  to  25  fathoms,  common 
on  muddy  bottoms.  Noank,  Conn.,  in  harbor  mud,  among  eel-grass; 
Wood's  Holl,  Mass.,  harbor  mud. 

This  species  is  sluggish  in  its  habits  and  creeps  very  slowly. 

Tetrastemma  vittatum.    Variationa. 

Several  specimens  of  this  species  were  taken  together  at  station 
310,  off  Cape  Cod,  in  21  fathoms,  1879. 

These  show  great  variation  in  the  color  of  the  body,  which,  in 
some  was  flesh-color,  in  others  light  olive-green,  dark  olive,  light 
greenish  brown,  dark  olive-brown,  and  dark  smoky  brown.  All 
these  varieties  agree,  however,  in  having  the  head  greenish  with 
the  six  light  vittse  distinctly  marked.  In  all  the  specimens  the  four 
ocelli  were  detected,  but  they  are  so  indistinct  in  the  dark  specimens 
that  they  must  be  sought  with  care. 

The  largest  specimens  were  50  to  75"™  long;  diameter  up  to  6"". 

Tetrastemma  roseum  Vemii,  sp.  nov. 

Body  round  and  soft,  in  extension  about  1*25  inches  long.  Head 
obtusely  conical ;  a  transverse  shallow  groove  close  to  the  end  of 
the  snout ;  the  part  beyond  the  groove  is  capable  of  withdrawing 
under  the  portion  behind  it.  Ocelli  obscure;  two  behind  the  groove 
and  (apparently)  two  very  minute  ones  in  front  of  it.  Color  clear 
bright  rosy  red. 

Length  about  30*"";  diameter  3™". 

Station  826,  off  Block. Island,  in  22  fathoms,  1880. 

This  species  was  met  with  only  once,  and  then  circumstances  pre- 
vented a  careful  study  of  its  structure.  In  the  form  of  the  body 
and  characters  of  the  head  and  cephalic  grooves  it  resembles  T. 
vittatum  V.,  and  if  the  front  ocelli  were  correctly  noted,  would 
appear  to  be  closely  allied  to  it  and  might  even  be  thought  to  be  a 
plain  red  variety,  were  not  that  species  very  constant  in  its  color 
markings,  the  longitudinal  vitt»  being  very  characteristic. 

ESmplectonema  stimpsoD. 

Prodromus,  in  Proc.  Philad.  Acad.  Nat.  Sci.,  toI.  ix,  p.  164  [20]  1857. 
Amphiponts  (Ersted,  Kroyer'a  Tidds.,  iv,  p.  581,  1844,  (?  nan  Ehr.,  non  Mcintosh). 
Nemertes  Mcintosh,  Nemerteans,  p.  176,  1873  {non  Cuvier,  1817,  nm  (Erated,  1844, 

nan  Dieaing,  1850,  nee  White,  1850). 
Macroiwmerf^s  Verrill,  Amer.  Jour.  Sci.,  vol.  vl,  p.  439,  1 873. 
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Body  much  elongated  in  extension,  sometimes  almost  filiform,  very 
contractile,  rounded  or  a  little  flattened.  Head  not  very  distinctly 
defined  ;  in  some  cases  with  a  pair  of  longitudinal  or  ohlique,  shal- 
low, snbmarginal  fossae  on  the  upper  side  ;  in  other  cases  (JE,  gracilis) 
without  evident  fossae. 

Ocelli  variously  arranged,  often  numerous  and  in  several  clusters, 
both  anterior  and  cerebral. 

Proboscis  relatively  small,  especially  the  anterior  portion,  which  is 
much  shorter  than  in  Amphiporus.  Mouth  usually  (always  ?)  separate 
from  the  proboscis-pore. 

For  this  genus  the  earliest  available  name  seems  to  be  that  given 
by  Stimpson,  who  named  as  type  jEJ.  camiUea  (Quatr.  sp.  =  JK  Nei^ii 
(Ersted  sp.),  which  is  also  the  type  of  the  genuA  Nemertes  of  Mc- 
intosh. The  latter  name  could  not  be  retained  in  this  sense,  even  if 
the  genus  had  not  received  a  prior  name,  for  Nemertes  had  already 
been  used  for  a  genus  of  insects  by  White  in  1850,  in  addition  to 
its  prior  use  for  several  distinct  genera  of  Nemerteans.  Had  not 
Stimpson's  generic  name  been  available,  Macronemertes  would  have 
been  next  in  order. 

Emplectonema  giganteum  Verriii. 

Macronemertes  giganka  Verrill,  Amer.  Joum.  Sci.,  toI.  vi,  p.  439,  pi.  7,  figs.  2,  o,  6, 
1873;  Bxpl.  of  Casco  Bay,  Id  Proc.  Amer.  Assoc,  for  1873,  p.  390,  pi.  2,  figs. 
5,  »,  1873. 

PLATE    XXXV,  FIGURB    2.       PLATB    XXXVIII,    FIGURES    12,    12a. 

Size  large.  Body  much  elongated,  very  contractile  ;  in  extension, 
subterete,  a  little  depressed,  thickest  anteriorly,  gradually  tapering 
posteriorly,  becoming  very  slender  and  considerably  flattened  toward 
the  end.  Integument  very  soft,  secreting  a  large  quantity  of  mucus. 
Head  not  distinct  from  the  body  and  of  the  same  diameter,  obtusely 
rounded  in  front,  with  a  terminal  proboscis-pore ;  upper  surface  with 
two  shallow,  indistinct,  sublateral,  longitudinal  fossse,  often  becom- 
ing more  distinct  in  alcohol ;  below  with  two  rather  indistinct, 
obliquely  transverse  grooves  or  fossae. 

Ocelli  numerous,  but  not  very  distinct,  because  deeply  buried  in 
the  integument ;  they  are  numerous,  arranged  in  four  or  more  clus- 
ters ;  a  pair  of  large  oval  or  subtriangular  clusters  on  the  antero- 
lateral border  of  the  head,  each  of  which  may  be  divided  into  an 
upper  and  a  lower  group,  the  upper  part  running  backward  ;  a  pair 
of  smaller  lateral  clusters  farther  back  ;  and  a  pair  of  small  rather 
indistinct  clusters  on  the  dorsal  surface,  betweeii  the  longitudinal 
fossee. 
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Color,  when  alive,  deep  saliuon  or  bright  orange-red,  flesh-color 
below. 

Length  of  the  largest  examples,  2  to  3-5  meters,  or  about  V  to  1-' 
feet,  in  extension  ;  diameter,  anteriorly,  6  to  8""",  or  -30  of  an  inch. 

When  preserved  in  alcohol  this  species  soon  loses  all  its  color, 
contracts  greatly  in  length,  and  becomes  quite  hard  ;  sometimes  the 
body  is  considerably  flattened,  but  in  most  cases  it  retains  its  sub- 
terete  form  except  toward  the  posterior  end.  The  head  often  shows 
the  shallow,  dorso-lateral,  longitudinal  fossa'  (not  slits)  and  the  two 
large  anterior  groups  of  ocelli  can  usually  be  seen  indistinctly  as 
dark  rounded  patches  beneath  the  thick  outer  integument.  The 
small  proboscis  is  often  protruded  a  short  distance,  its  pore  being 
then  rather  small  and  slightly  below  the  tip  of  the  snout.  The 
mouth  is  not  visible  in  the  preserved  specimens,  but  my  original 
sketches,  made  from  life,  show  what  I  then  supposed  to  be  the  con- 
tracted mouth  beneath  the  head,  distinct  from  the  proboscis-pore. 

In  some  horizontal  sections  of  the  head  the  anterior  ocelli  form  an 
upper  pair  of  transverse  groups  nearer  the  front  than  the  sides  of 
the  head,  while  two  smaller  clusters,  lower  down  in  front,  seem  to 
be  nearly  separate  from  the  upper  ones.  In  some  specimens  these 
large  anterior  groups  are  formed  of  four  or  five  transverse  horizontal 
rows,  of  which  the  upper  row  inns  back  to  a  small  lateral  cluster  of 
ocelli.  The  cesophagus  has  a  large  plicated  anterior  portion  in  the 
head.  The  mouth  appears  to  open  decidedly  behind  the  proboscis- 
pore. 

In  sections  of  the  body  the  intestine,  blood-system,  and  muscular 
layers  are  nearly  as  in  Amphiporus^  but  the  muscular  layers  are 
unusually  thick. 

One  specimen,  taken  August  12^  1873,  contained  large  eg^^^ 
arranged  in  about  six  rows  of  sacs,  above  and  at  the  side  of  the  in- 
testine, on  each  side.  The  armature  of  the  proboscis  has  not  been 
observed,  but  in  other  respects  the  proboscis  agrees  with  that  of  the 
allied  species ;  the  length  of  the  anterior  region  is  about  twice  the 
diameter  of  the  body  ;  the  posterior  portion  is  long  and  slender. 

Off  Cape  Elizabeth,  68  fathoms,  soft  mud,  August  12,  1873  ;  Gulf 
of  Maine,  88  fathoms,  mud,  station  45,  1874  ;  off  Martha's  Vineyard, 
102  fathoms,  fine  sand  and  mud,  station  860,  1880  ;  off  Martha's 
Vineyard,  229  fathoms,  sandy  mud,  station  925,  1881  ;  off  George's 
Bank,  852  fathoms,  gray  mud,  station  2531  ;  off  Block  Island,  156 
fathoms,  fine  mud  and  sand,  station  2537  ;  off  Block  Island,  131 
fathoms,  fine  sand,  station  2544,  1885.     (U.  8.  Fish  Comuiission). 
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Family,  Drepanophobid^  VerriU,  nov. 

AmphiparidcB  (pars)  authors. 

Proboscis-sheath  provided  witli  ciecal  appendages.  Central  arma- 
ture of  proboscis  a  lamelliform  plate  bearing  a  number  of  small 
8tjlet8  on  its  edge.  Lateral  stylet-sacs  more  than  two  ;  often  nu- 
merous, containing  small  nail-shaped  stylets. 

Drepanophorus  Hubrecht. 

Body  and  head  nearly  as  in  ^m/>A*/>orM^/.  mouth-opening  separate 
from  the  proboscis-pore.  Proboscis  large.  Musculature  of  the  body- 
wall  as  in  Amphiporiis, 

Drepanophorus  Lankesteri  iiubrecbt. 

Voya^re  or  the  Challenger,  vol.  ziz,  pp.  18,  50,  pi.  i,  flg.  22;  pi.  ix,  figs.  1,  2,  10; 
pi.  X,  figs.  2,  4;  pi.  xii,  fig.  5;  pi  xiv,  figs.  9,  10;  pi.  xv,  fig.  13,  1887. 

This  species  was  described  from  alcoholic  specimens,  destitute  of 
the  proboscis.  Its  external  features  are,  therefore,  entirely  unknown. 
Its  anatomy  was,  however,  carefully  worked  out  by  means  of  sec- 
tions. 

It  is  peculiar  in  having  numerous  well  marked  transverse  ner- 
vous commissures  connecting  the  lateral  nerve-trunks  anteriorly. 

The  caecal  appendages  of  the  proboscis-sheath  are  also  unusually 
well  developed,  with  thicker  walls  than  in  most  species,  and  they 
sometimes  anastomose  distally. 

Ocelli  are  present,  but  their  arrangement  was  not  stated.  Grenital 
sacs  are  numerous,  apparently  in  four  rows,  subventral. 

For  other  details  reference  should  be  made  to  the  original  descrip- 
tion and  figures. 

Off  Nova  Scotia,  near  Le  Have  Bank,  45  fathoms. 

I  have  observed  a  single,  small,  and  probably  immature,  specimen 
of  Dbkpanoi'iiouid^  on  the  New  England  coast,  but  do  not  deem 
it  wise  to  name  it.     This  was  translucent  yellowish  white  in  color. 

Order  II,  ANOPLA. 

Anapla  Max  Schultze,  1852;  Mcintosh. 

Proboscis  unarmed,  long,  slender,  tubular,  and  not  divided  into 
three  distinct  regions  ;  its  walls  may  contain  three  to  five  layers  ; 
inner  surface,  when  retracted,  papillose. 

llead  with  or  without  lateral  slits  or  ciliated  pouches. 

Ocelli  variously  arranged  ;  often  wanting. 
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Mouth  ventral,  situated  behind  the  ganglions. 

The  muscular  walls  of  the  body  often  consist  of  three  layers  : 
outer  longitudinal,  middle  circular,  and  inner  longitudinal  (PI. 
xxxix,  tigs.  17  to  21).  In  some  cases  the  outer  longitudinal  layer  is 
lacking  (tigs.  15  and  16). 

Two  or  three  main  vascular  trunks  ;  the  vessels  generally  not  so 
well  defined  as  in  the  Enopla,  and  often  having  in  part  the  character 
of  wide  lacunae,  especially  anteriorly. 

CEsophagus  entirely  behind  the  brain,  usually  large,  long,  plicated, 
and  surrounded  by  a  vascular  network,  or  by  lacunse.  (PL  xxxix, 
fig.  22,  r,  r). 

Lateral  nerve-trunks  arise  from  the  outer  sides  of  the  lower  gan- 
glions, and  are  situated  between  the  muscular  layers  of  the  body- 
walls,  but  they  vary  in  position  in  the  different  families.  Usually 
there  is  a  nervous  plexus  outside  of  the  circular  muscular  layer. 
(PI.  XXXIX,  figs.  17,  20,  n). 

The  species  are  almost  all  marine ;  a  few  inhabit  brackish  water. 

Suborder  I,  RHAGADOCEPHALA  Diesing,   I850  (emended). 

*Slf/it2(?n<;r«<?r<mi  Hubrecht ;  Carus,  Faunae  Med.,  p.  160. 
Schizontmertea  Hubrecht,  Yoy.  Challenger,  zix,  p.  37. 

Head  with  a  deep,  longitudinal,  ciliated  slit,  or  fossa  (probably 
olfactory  in  function),  on  each  side,  terminating  posteriorly  in  a  deep 
pit  or  duct  running  inward  to  the  posterior  ganglions.  (PI.  xxxix, 
fig.  22,/,  J,  J'). 

Mouth  large,  behind  or  opposite  the  posterior  ends  of  the  lateral 
slits  and  cephalic  ganglions.     (Wood-cut  8). 

Lateral  nerve-trunks  situated  between  the  outer  longitudinal  and 
the  circular  muscular  layers  of  the  body-wall.  (PI.  xxxix,  figs. 
19  to  21).     A  median  dorsal  nerve  is  also  usually  distinctly  developed. 

Three  large,  longitudinal,  vascular  trunks,  which  are  usually  con- 
nected by  numerous  transverse  vessels  around  the  intestine,  espe- 
cially posteriorly. 

Esophagus  large,  prolonged  backward,  plicated,  and  provided  with 
a  vascular  system,  probably  having  a  respiratory  function.  (PI. 
xxxix,  figs.  20,  22). 

Many  of  the  species  of  this  group  develop  directly  from  the  egg», 
without  a  marked  metamorphosis,  but  certain  species  of  Micrura 
(perhaps  all)  have  a  peculiar,  free-swimming  larval  form  known  as 
Pilidhim  (PI.  xxxix,  figs.  1  to  6,  and  wood-cut  7).  The  embiyology 
of  the  closely  related  genus,  Cerebratulas^  is  apparently  unknown. 
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The  species  are  almost  exclusively  marine  and  are  found  in  deep 
water  as  well  as  between  tides.     Many  are  fossorial  in  their  habits, 


Pig.  7.  Pilidium  of  Micrura^  much  enlarged :  c,  apical  cilium ;  h^  cephalic  lobe ; 
iHy  mouth;  i,  intestine;  v,  bands  of  cilia;  o,  young  nemertean  developing  in  the  in- 
terior, showing  its  head  with  two  ocelli. 

living  in  sand  or  mud,  or  beneath  stones.  Some  of  the  large  flat 
species  of  CerebrcUtUus  leave  their  burrows  and  swim  with  an  undu- 
latory,  eel-like  movement  at  the  surface  of  the  sea  at  night. 

Family,  Linbid^  Mcintosh. 

Body  simple,  generally  much  elongated  in  extension,  very  contrac- 
tile, usually  thickest  in  the  region'  of  the  oesophagus,  and  becoming 


+    -^m^'  -kr- -  mm^ 


Fig.  8.  LineidcB,  A,  Cerebratulus  luriduSy  ventral  side;  m,  mouth;  «,  one  of  the 
olfactory  slits  or  cephalopori ;  |>,  proboscis-pore.  B,  head  of  the  same,  side  view.  0, 
tail;  X,  anus.  D,  head  of  Lineus  viridis,  young,  enlarged ;  *,  one  of  the  cephalopori ; 
p,  probosciB-pore. 

more  or  less  flattened  farther  back,  where  the  saccular  appendages 
of  the  intestine  and  the  reproductive  glands  occupy  the  sides.  Head 
simple,  with  elongated  lateral  olfactory  slitS;  or  cephalopori. 

Lineus  Sowerby,    1806. 

Lineus  Sowerby,  British  Miscel.,  p.  16,  pi.  8,  1806. 

Borlasia  Oken,  Lehrbuch,  p.  365,  1815;  Blainville,  Diet.  Sci.  Nat.,  57,  p.  575,  1828 ; 

Johnston,  Catal.,  p.  21,  1865. 
Nemertes  Cuvier,  Regne  Anim.,  vol.  iv,  p.  37,  1815;  Dies.  {jHirs),  op.  cit.,  p.  264. 
Iatuus  (Ersted,  Naturh.  Tidsskr.,  iv,  p.  576,  1844. 
Utckdia  {pars)  Diesing,  Syst.  Helm.,  vol.  i,  p.  265,  1850. 
NoUkspfrmus  Diesing,  op.  cit.,  vol.  i,  p.  260. 
Z4fi«tt9  Stimpson,  Prodromus,  p.  160,  1851. 
Cerebratulua  (pars)  Stimpson,  Prodromus,  p.  160,  1 857. 
Pbteidon  Girard,  Proc  Boston  Soc.  Nat.  Hist,  iv,  p.  185,  1852. 
Nitmertes  Verrill,  lavert.  Vineyard  Sound,  etc.,  1873. 
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Body  very  contractile,  in  extension  elongated,  slender,  tapering, 
and  often  attenuated  toward  the  posterior  end,  rounded  or  slightly 
depressed  anteriorly,  generally  somewhat  broader  and  more  depressed 
in  the  middle  region,  but  without  the  conspicuous  flattening  back  of 
the  oesophageal  region  seen  in  Cerebratidiis.  No  anal  papilla.  Head 
elongated,  not  very  distinctly  defined  ;  often  a  little  wider  than  the 
neck,  but  not  constantly  so.  Lateral  slits  elongated  and  deep,  run- 
ning close  to  the  terminal  proboscis-pore,  but  usually  not  joining  it. 
Mouth,  in  ordinary  states,  rounded  or  elliptical  and  not  very  large, 
but  capable  of  great  extension  when  feeding.  Ocelli  small,  nsnally 
arranged  in  a  simple  row  along  the  lateral  margins  of  the  head, 
sometimes  absent. 

The  several  European  species  of  this  genus  have  been  referred  by 
authors  to  a  great  number  of  difiFerent  genera,  of  which  I  have  indi- 
cated only  a  part.  The  first  three  names  cited  in  the  synonymy  were 
all  given  to  the  same  species  (Z.  marinue=i  L.  longissimtis)  of 
Europe  and  are,  therefore,  exact  equivalents.  The  two  later  names 
should,  therefore,  have  been  dropped  entirely  from  the  nomenclature 
of  the  group.  Unfortunately  several  different  writers  have  tried  to 
restrict  both  Borlasia  and  Nemeries  to  groups  entirely  different 
from  that  to  which  they  were  originally  given,  and  have  thus  intro- 
duced great  confusion.  Each  attempt  of  this  kind  has,  hitherto, 
been  a  failure  for  in  most  instances  the  new  groups  thus  named  have 
been  found  to  have  had  other  and  earlier  names.  One  of  the  latest 
reapplications  of  Nemertes  to  a  newly  constituted  group  was  by 
Mcintosh  (Nemerteans,  p.  176).  He  applied  it  to  a  genus  of 
Enopla^  in  a  wholly  new  sense.  Nemertes  of  Mcintosh,  1879,  is, 
however,  antedated  by  Neniertes  of  White,  1860,  applied  to  a  Crus- 
tacean, and  therefore  it  could  not  be  retained,  even  if  the  nemertean 
genus,  so  named,  had  not  already  received  other  names. 

The  use  of  Borlasia  by  Mcintosh,  in  a  wholly  new  sense,  seems 
also  to  be  untenable. 

Linens  viridiS  (Fabr.)  Johnston. 

Plunaria  viridis  O.   Fabricius  io   O.  F.  Miiller,  Zool.   Dan.   Prod.,   26Si,  1776;  0. 

Fabriciiis,  Fauna  Gnenlandica,  p.  324,  1780;  Miiller,  Zoologia  Danica,  h,  p.  3.5, 

pi.  68,  figs.  1  to  4,  (from  Greenland  specimena  pent  by  Fabriciua  to  Miiller). 
PUmarta  Gesseren.tu  Miiller,  Zo<>l.  Danica,  ii,  p.  32,  pi.  64,  figs.  6  to  8,  1788. 
NetnerteJi  olivacea  Johnston,  Mag.  of  Zool.  and    Botany,  vol.  i,  p.  636,  pi.  18,  fig.  1, 

1837;  Diesing,  Syst.  Helnn.,  ij  p.  273,  1850. 
Nemertes  ohscjtra  Desor,  Boston  Journal  of  Natural  History,  vol.  vi,  pp.   1  to  1 2, 

plates  1  and  2,  1848  (embryology). 
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Polia  obscura  Girard  in  StimpsoD's  Marine  Invertebrates  of  Grand  Manan,  p.  82, 

1863  (no  description). 
Nemertes  viridis  Diesing,  Sitzungsberiohte  der  kais.     Akad.   der  Wisseuscbaften, 

vol  xlv,  p.  306,  1862. 
Borkuia  olivacea  Jobnston,  Catalogue  British  Non-parasitical  Worms,  p.  21,  pi.  2^, 

fig.  1,  1865;  Mcintosh,  Trans.  Roy.  Soc.  Edinb ,  vol.  xrv,  pt  ii,  p.  371,  1869. 
Unew  viridvi  Johnston,  Catal.,  pp.  27,  296,  1 865. 

Nrmertes  viridis  Verrill,  Marine  Invert  of  Vineyard  Sound,  etc.,  p.  334  [628],  1873. 
Idn^As  Gessei'ensis  Mcintosh,  Hist.  British   Annelida,   Part  I,  Nemerteans,  (Ray 

Society)  p.  185,  pi.  iv,  fig.  2;  pi.  v,  fig.  1,  (red  var.);  pi.  xviii  to  xxii,  (anatomy); 

pi.  xxiii,  (green  var.,  embryology),  1873. 
Lineus  viridis  Verrill,  Check  List  Marine  Invert.,  p.  12,  1879;  Notice  of  Recent 

Addit.  to  Mar.  Invert.,  Part  I,  in  Proc.  National  Mus.,  ii,  p.  186,  1879. 

PLATE    XXXVII,    FIGURES   6    tO    6ft  ;    PLATE  XXXVIII,    FIGURES    6    tO    6  J  ; 
PLATE    XXXIX,    FIGURES    18,    22. 

Body  soft,  very  contractile  and  changeable  ;  in  full  extension 
elongated  and  moderately  slender,  in  large  examples  six  to  eight 
inches  long  and  about  one-fifth  of  an  inch  in  diameter  ;  usually  thick- 
est in  advance  of  the  middle,  tapering  gradually  to  the  rather  slender 
caudal  portion,  and  decreasing  less  toward  the  head;  not  unfrequently 
the  body  is  dilated  in  two  or  more  places  at  the  same  time,  the 
swollen  parts  moving  continually  ;  in  extension  the  body  is  usually 
somewhat  flattened,  but  the  dorsal  surface  is  decidedly  convex  and 
the  sides  well-rounded  ;  it  is  often  crossed  by  faint,  light-colored,  ir- 
regularly spaced  wrinkles.  In  contraction  the  body  becomes  short 
and  thick,  oblong,  swollen  and  almost  saccular  at  times. 

Head,  in  extension,  rather  large,  depressed,  usually  wider  than  the 
neck,  short,  ovate-spatulate,  or  elongated,  according  to  the  degree  of 
extension  ;  the  snout  is  blunt,  often  emarginate,  and  bears  three 
small  ciliated  papillse;  proboscis-pore  terminal,  rounded,  or  in  the 
shape  of  a  short  vertical  slit  ;  lateral  fossae  long  and  very  deep,  with 
wide,  thin,  pale  margins,  above  and  below,  the  anterior  ends  of  the 
slits  reaching  close  to  the  proboscis-pore. 

The  ocelli  are  arranged  in  a  simple  row  on  each  side  of  the  head, 
close  to  the  edge  of  the  dorsal  pigmented  region  ;  they  vary  in 
number  and  size  according  to  the  age,  the  large  specimens  often  hav- 
ing six  or  eight  on  each  side,  while  the  small  ones  have  but  three  or 
four,  and  the  very  young  ones  have  only  a  single  pair  ;  usually  the 
anterior  ocelli  are  slightly  larger  than  the  others. 

The  mouth  is  situated  opposite  to,  or  a  little  behind,  the  posterior 
ends  of  the  lateral  fossae  ;  it  is  ordinarily  small  and  elliptical,  with 
a  distinct,  lighter  colored  border,  but  it  is  capable  of  great  dilation 

Trans.  C^n-n.  Acap.,  Vol.  VIII.  60  June,  189i. 


420     A,  K  Verrill — Atari ue  Xemerteaiis  of  New  England^  etc, 

when  the  creature  is  engaged  in  swallowing  some  annelid  nearly  or 
quite  as  large  as  itself. 

The  color,  in  life,  is  variable;  the  most  common  variety  is  dull 
green,  or  olive  green,  varying  to  dark  smoky  green  or  greenish  black, 
darkest  anteriorly,  and  with  the  under  surface  and  caudal  portion 
somewhat  paler ;  region  of  the  cephalic  ganglions  and  lateral  pit!» 
usually  reddish  ;  front  and  margins  of  head  pale  or  whitish  ;  ou 
many  specimens  faint  pale  transverse  lines  or  rings  can  be  seen,  if 
carefully  examined  ;  at  times  a  row  of  small  whitish  spots,  corres- 
ponding to  the  genital  pores,  can  be  seen  on  each  side.  Other  speci- 
mens occur,  often  living  with  green  ones,  in  which  the  general  color 
of  the  body  is  brown,  greenish  brown,  redilish  brown,  or  clear  red 
with  the  margins  of  the  head  and  lower  surfaces  flesh-color  or 
reddish. 

Some  of  these  forms  differ  so  much  in  appearance  from  the  com- 
mon dark  green  variety  that  it  would  be  convenient  to  distinguish 
them  by  variety  names,  using,  in  this  sense,  some  of  the  numerous 
names  applied  by  the  early  writers  when  they  were  suj)posed  to  he 
distinct  species,  viz  : 

Var.  olivaceus  (Johnston).  The  typical  green  and  olive-colored 
variety. 

Var.  fuscus.     The  brown  and  reddish  brown  variety. 

Var.  rufvs  (Rathke).     The  distinctly  red  variety. 

Var.  obscurus  (Desor).     The  smoky  green  and  blackish  variety. 

Specimens  intermediate  in  color  between  all  these  are,  however, 
of  frequent  occurrence. 

The  length,  in  extension,  is  sometimes  150'""  to  200"'"';  the  di- 
ameter 2"""  to  4'"'"  ;  in  contraction  the  body  becomes  much  shorter 
and  stouter,  large  specimens  often  being  only  30'"'"  or  40"""  long  and 
411.n1  to  Qmm  broad. 

In  alcoholic  specimens  the  body  is  usually  thickened  and  roundeil 
anteriorly,  more  slender  and  somewhat  flattened  farther  back,  often 
acute  at  the  posterior  end  ;  head  obtusel}''  rounded  or  sub-truncate, 
with  a  small  terminal  proboscis-pore  and  two  lateral  slits,  which  are 
short  and  extend  forward  very  near  to  the  jiroboscis-pore.  Mouth 
small  and  round,  situated  slightly  behind  the  posterior  ends  of  the 
lateral  slits  ;  ocelli  not  apparent.  When  placed  in  alcohol  the  body 
usually  contracts  so  violently  that  it  breaks  up  into  segments,  es- 
pecially posteriorly,  and  the  proboscis  is  often  completely  ejected. 

The  extruded  proboscis  is  long,  slender  toward  the  base,  clavate 
toward  the  end,  the  terminal  portion  transversely  wrinkled. 
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This  common  littoral  and  shallow  water  species  is  found  on  the 
American  coast  from  Long  Island  Sound  to  Labrador,  Cumberland 
Gulf,  and  Greenland.  It  is  also  common  on  the  coasts  of  Great 
Britain  as  far  south  as  the  Channel  Islands  (Mcintosh),  and  on  all 
the  northern  coasts  of  Europe. 

South  of  Cape  Cod,  I  have  collected  it  near  New  Haven,  Conn., 
and  at  the  Thimble  Islands  ;  Noank,  Conn.;  Newport,  R.  I.;  Wood's 
Holl,  Mass.;  and  at  various  other  localities.  North  of  Cape  Cod  it 
is  more  abundant  and  larger.  Among  the  localities  where  I  have 
taken  it  are  Provincetown  and  Barnstable,  Mass.;  Salem  and  Glou- 
cester, Mass.;  Casco  Bay;  Mount  Desert  Island;  Eastport,  Me.; 
Grand  Menan  Island  ;  Halifax,  N.  S. ;  Gulf  of  St.  Lawrence,  etc. 

It  is  particularly  abundant  and  large  at  Eastport,  Me.,  and  at  all 
localities  about  the  Bay  of  Fundy,  where  the  shore  is  composed  of 
rocks. 

This  species  is  active  and  restless  in  confinement.  It  creeps  rather 
rapidly  and  is  prone  to  climb  out  of  the  water  and  perish  by  drying 
np.  It  is  a  voracious  feeder  and  lives  largely  upon  annelids.  I  have 
observed  it  in  the  act  of  swallowing  a  full  grown  scaly  annelid, 
[Lepidonot'us  squamatus),  which  was  considerably  greater  in  dia- 
meter than  the  thickest  part  of  its  own  body.  A  specimen  of  this 
kind,  with  the  Lepidonottts  half  swallowed,  is  preserved  in  the  mu- 
seum of  Yale  University. 

The  eggs  are  deposited  in  great  abundance  on  our  shores  under 
stones  near  low-water  mark,  in  midsummer.  They  are  contained  in 
more  or  less  cylindrical  masses  of  a  translucent,  dull  greenish,  jelly- 
like substance,  made  up  of  numerous  capsules,  (Plate  xxxviii,  ^q, 
6c).  These  cylinders  are  usually  from  S*"""  to  S*""*  in  diameter,  and 
40'""^  to  60™™  in  length,  and  are  usually  coiled  in  a  spiral  or  ring-like 
form.  The  eggs  are  in  several  rows.  In  those  clusters  taken  at  one 
date,  in  July,  at  Eastport,  Me.,  I  have  found  eggs  in  all  stages  of 
developnient,  while  in  some  of  them  the  recently  hatched  young 
were  still  present.     (PI.  xxxviii,  fig,  Qd). 

I  have  adopted  the  name,  mridtSy  given  to  this  species  by  Otho 
Fabricius,  who  communicated  the  first  published  descriptions  and 
figures  to  Mtlller,  as  stated  both  by  him  and  by  Muller.  That  this 
is  the  species  observed  on  the  shores  of  Greenland  and  described  by  * 
Fabricius  there  can  be  no  reasonable  doubt.  His  brief  description  is 
quite  as  correct  and  characteristic  as  the  descriptions  of  such  ani- 
mals were  wont  to  be  at  that  time,  and  his  figures,  published  by 
Muller  in  the  Zoulogia  Danioa,  represent  the  worm  fairly  well   when 
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partially  contracted  ;  nor  could  they  be  referred  to  any  other  Green- 
land species. 

The  lateral  slits  of  the  head  of  this  species  are  spoken  of  on  p.  325 
of  the  Fauna  Grcenlandica,  and  are  also  distinctly  shown  in  the 
figures.  Fabricius  speaks  of  his  viridis  as  common  on  the  shores  of 
Greenland  among  the  roots  of  algas.  I  have  personally  examined 
good  specimens  of  this  species  recently  taken  on  the  coast  of  Green- 
land in  the  same  situations.  There  can  be  no  doubt  of  their  identity 
with  the  true  viridis.  Therefore  there  is  not  the  slightest  reason 
why  his  characteristic  name  should  not  be  used,  in  preference  to 
Gesserensis,*  of  much  later  date. 

Although  the  latter  name  has  been  adopted  by  many  recent  writers 
on  European  nemerteans,  the  ordinary  rules  of  priority,  as  w^ell  as 
justice  to  the  very  meritorious  author  of  the  Fauna  Grcenlandica, 
should  compel  a  change  in  this  respect. 

Fabricius  and  Mtlller,  in  the  same  works,  described  another  Green- 
land form  under  the  name  of  mhra.  I  am  of  the  opinion  that  this 
was  simply  the  red  variety  of  i.  viridis^  for  the  two  varieties  occyr 
together  everywhere  on  the  northern  coast  of  America.  Levinsen, 
however,  has  referred  the  rubra  to  Z.  sanguineus^  and  has  given  the 
latter  as  a  Greenland  species.  If  both  species  actually  inhabit 
Greenland  his  view  may  be  correct,  for  there  is  nothing  in  the  orig- 
inal description  to  indicate  that  it  belongs  to  one  rather  than  t^ 
the  other  of  these  two  species,  if  it  really  belonged  to  either.f 

Indeed  these  two  reputed  species  are  so  much  .alike  that  I  am  my- 
self in  doubt  whether  they  are  really  distinct.  There  is  no  special 
diagnostic  character  given  by  Mcintosh  unless  it  be  the  somewhat 
narrower  head  in  X.  sangtiineus.  The  shape  of  the  head  in  this  genus 
is  so  changeable  and  variable  that,  in  practice,  little  reliance  can  be 
placed  upon  this  as  a  diagnostic  character.  The  ocelli  are  supposed 
to  differ  slightly  in  size  and  number,  but  they  also  vary  in  both 
forms.  Hence  it  seems  to  me  not  improbable  that  a  more  extended 
study  of  the  variations  will  compel  us  to  consider  X.  sanguineus 
only  a  lighter  red  variety  of  X.  viridis.  In  this  article  I  have,  how- 
ever, followed  most  European  writers  in  keeping  them  separate, 
although  I  confess  that  with  scores  of  living  specimens  of  both 
# 

*  Lcvinsen,  in  his  recent  paper  on  the  Turbellaria  of  Greenland,  also  records  the 
typical  form,  under  the  name  of  L.  Gesserensis,  as  a  native  of  that  coast. 

f  Fabricius  mentions  neither  ocelli  nor  cephalic  slits  in  this  species.  Therefore  it 
may  not  have  been  a  Lineus.  The  necessary  doubt  concerning  its  true  relations 
should  prevent  the  application  of  the  name  to  any  species. 
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formB   before  rae,   I  have  always  found  it  difficult  to  draw  any  clear 
line  of  separation  between  them. 

Liineus  sanguineus  (Jena  Rathke). 

Plaiutria  sanguinea  Jens  Rathke,  Skrivter  af  Naturhist  Selsk.,  vol.  v,  i,  p.  83,  1799. 

Planaria  ortocuUita  Johnston,  Zool.  Jour.,  vol.  iv,  p.  56,  1 829. 

Nnneri^A{BorlaMa)  oct<}nUnta  Johnston,  Mag.  Zool.  and  Bot.,  vol.  i,  p.  637,  pi,  18,  fig. 

2,  1837;  (Ersted,  Kroyer's  Naturhist.  Tidss.,  iv,  p.  579,  in  note,  1837. 
yemertes  sanguinea  (Ersted,  Kntw.  Plnttw.,  p.  92,  1844. 
BorUisia  oetondata  Johnston,   Catalogue  Brit.  Mua.,  pp.  21,  287,  290,  pi.  n6,  fig.  2, 

2»    1865. 
LinefVi  samrUn^ts  Mcintosh.  British   Annelids,  part  T,  Nemerteans,  p.  188,  pi.  v, 

ttg.  2,  1873. 

PLATK   XXXVIII,    FIGURES  10,   lOa. 

Body  strongly  convex  or  well  rounded  above,  flatish  beneath, 
rather  long,  in  extension  often  8  to  10  inches  long  and  .26  inch 
broad,  but  it  is  capable  of  contracting  to  less  than  one-fourth  this 
length,  and  then  becomes  aboat  .35  of  an  inch  in  diameter.  Head 
elongated,  usually  not  so  wide  as  the  body,  often  acute  in  front 
when  extended,  but  it  changes  much  in  form  and  may  become  much 
shorter  and  obtuse  in  contraction ;  lateral  cephalic  slits,  moderately 
long  and  deep,  bordered  by  narrow  pale  lips,  above  and  below. 
Ocelli  small,  but  very  distinct,  blackish,  usually  4  to  8  in  a  row  on 
each  side,  arranged  at  the  upper  margin  of  the  white  lateral  borders 
of  the  head.  Mouth  rather  large,  usually  round  or  oval,  with  corru- 
gated white  lips,  but  capable  of  great  extension  when  swallowing 
large  prey. 

Color  of  body,  above,  dark  red,  bright  red,  or  clear  reddish  brown, 
asually  darker  medially ;  beneath,  pale  salmon,  flesh-color,  or  light 
yellowish  red ;  snout  and  margins  of  head  whitish  ;  the  red  color  of 
the  middle  of  the  head  slightly  emarginate  or  notched  at  its  anterior 
end. 

Eastport,  Me.,  at  Dog  Island,  low- water,  under  stones,  1808,  (No. 
2).  Also  taken  at  various  other  localities  at  Eastport  and  Grand 
Menan,  between  tides,  in  1870  and  1872,  common. 

Under  L,  viridisy  on  a  previous  page,  I  have  spoken  of  the  close 
relationship  of  the  red  variety  of  that  species  to  L.  sanguitienSy  and 
have  given  reasons  for  doubting  the  status  of  this  as  a  distinct 
species — at  least  as  they  occur  on  our  northern  coasts.  It  may  be 
possible  that  we  do  not  have  the  real  European  X.  sanguineuSy  but 
we  have  an  abundance  of  specimens  that  agree  in  all  respects,  so  far 
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as  I  can  see,  with  the  descriptions  and  figures  given  by  Mcintosh 
and  others. 

The  character  upon  which  Mcintosh  puts  the  most  stress  is  the 
greater  narrowness  of  the  head,  said  to  be  chiefly  due  to  the  nar- 
rower lips  of  the  cephalic  slits  in  the  present  species,  as  comparo<i 
with  X.  viridia  ( Oesaerensis).  But  as  the  length  and  breadth  of  the 
head  and  of  the  margins  of  the  slits  are  constantly  changing  durintj 
the  motions  of  the  living  worms,  it  is  not  easy  to  make  sure  of  Biich 
differences.  The  lighter  and  brighter  red  color  of  the  body,  and  the 
greater  distinctness  of  the  ocelli  in  i.  sanguine^is  are  also  supposctl 
to  be  characteristic. 

It  is  found  chiefly  under  stones  from  half-tide  to  low- water  mark, 
and  at  moderate  depths  (1  to  25  fathoms)  on  stony  and  muddy  lK)t- 
toms.  Many  specimens  are  often  found  living  gregariously,  curled 
up  together,  under  one  stone. 

Linens  SOCialis    (Leidy)  Verrill. 

Nemertes  socialis  Leidy,  Marine  Invert.  Fauna  of  Point  Juditli,  R.  I.,  and  Kpw 
Jersey,  p.  11  [143J,  1865;  Verrill,  Invert.,  Vineyard  Sd.,  etc.,  p.  334  [6'28j. 

Linetis  communis  Van  Beneden  (?) ;  Verrill,  Notice  of  Recent  Addit.  to  Mar.  Invert . 
Part  I.  in  Proc.  National  Mus.,  ii,  p.  185,  1879. 

PLATE   XXXVII,    FIGURES    8,    8a  ;     PLATE    XXXVIII,    PKUFRES    7,    7fT. 

Body  very  long  and  slender,  subterete,  attenuated  posteriorly,  in 
full  extension  almost  linear,  up  to  8  to  10  inches  long,  with  the  di- 
ameter about  .04  inch.  Head  very  long,  flattened,  obtuse  ;  lateral 
cephalic  slits  very  much  elongated.  Mouth  placed  far  back  from  the 
front  of  the  head.  Ocelli  very  small,  often  obscured  by  the  dark 
color  of  the  head,  in  large  specimens  four  to  six  or  more  in  a  row  on 
each  side  of  the  head,  the  front  pair  larger  than  the  others  and 
usually  separated  by  a  slightly  greater  interval  ;  very  young  oni^s 
have  only  a  single  pair.  Color,  above,  usually  dark  olive-gro<Mi, 
greenish  brown,  greenish  black,  or  smoky  brown,  and  more  rarely 
reddish  brown,  the  anterior  parts  often  darkest ;  indistinct,  ratlier 
distant,  pale  transverse  lines  are  often  present,  and  occAsionally 
there  is  a  darker  median  dorsal  stripe  ;  front  margin  of  the  head 
paler  and  slightly  translucent ;  lower  surface  of  the  body  usually 
similar  in  color  to  the  back  but  of  a  paler  shade,  most  frequenth 
dull  green  or  greenish  ash. 

Length  of   large  specimens,  in  extension,  250"^"',  diameter  1"""  to 

r  III  in 
o       • 

This  is  a  strictly  littoral  species.  It  is  common  from  New  Jersey 
to  the  Bay  of  Fundy.     It  occurs  abundantly  and  usually  gregariour^- 
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\y  ander  stoues,  among  living  mussels,  between  the  roots  of  grasses 
and  alga?,  etc.,  from  pear  low-water  mark  nearly  up  to  high-water 
mark  of  medium  tides.  1  have  collected  it  at  Great  Egg  Harbor, 
N.  J.;  New  Haven,  Conn.;  Noank,  Conn.;  Newport,  R.  I.;  Wood's 
Holl,  Mass.;  in  the  harbors  of  Provincetown,  Barnstable,  Salem,  and 
Gloucester,  Mass.;  Portland  and  Eastport,  Me.,  etc. 

This  species  is  very  gregarious,  a  large  number  usually  living 
coiled  up  together  in  a  tangled  mass,  from  which,  however,  the  in- 
dividual worms  can  easily  disengage  themselves  when  disturbed. 
It  occurs  nearly  up  to  high-water  mark  where  other  nemerteans  are 
not  found. 

Superficially  this  species  resembles,  in  color  and  general  appear- 
ance, the  young  of  Z.  viridis  (dark  green  variety),  but  it  is  relative- 
ly much  longer  and  more  slender,  and  has  a  much  longer  and  nar- 
rower head,  with  decidedly  longer  lateral  slits,  and  the  mouth  is 
placed  much  farther  back. 

Liineus  arenicola  VerriU. 

Tetrastemma  (?)  art^iicola  YerriWf  iDvertebrate   AoimalB  of  Vineyard   Sound,  etc., 
p.  335,  pi.  six,  tig.  98,  1873. 

PLATE    XXXVIII,     FIGURES    5,    ba. 

Body  subterete,  long,  slender,  slightly  depressed,  of  nearly  uni- 
form width  ;  the  head  is  very  versatile,  usually  sub-conical  or  lanceo- 
late, flattened,  occasionally  becoming  partially  distinct  from  the 
body  by  a  slight  constriction  at  the  neck.  Ocelli  four,  those  in  the 
anterior  pair  nearer  together.  The  lateral  fosste  are  long,  and  deep 
slits  on  the  sides  of  the  head.  Mouth  small,  often  sub-triangular, 
situated  just  back  of  the  posterior  ends  of  the  lateral  fossa*.  Body 
deep  flesh-color  or  pale  purplish. 

Length  about  100"'™,  in  extension. 

Savin  Rock,  near  New  Haven,  Conn.,  in  sand  at  low-water  mark. 

This  species  has  not  been  taken  except  in  the  original  locality.  It 
appears  to  be  very  rare  in  our  waters.  Possibly  it  is  a  southern 
Hpecies  that  does  not  ordinarily  live  so  far  north. 

Lineus  pallidus  Verriii. 

Linewf  pallidus  VerriU,  Notice  of  Recent  Addit.   to   Mar.  Invert.,  Part  I,  in  Proc. 
National  Mus.,  ii,  p.  186,  1879. 

PLATE    XXXVII,   FIGURES    9,    9a. 

Body  long  and  very  slender  in  extension,  subterete,  attenuated 
posteriorly.      Head  elongated,  usually  obtuse  and  wider  than  the 
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body,  but  very  changeable.  Ocelli  absent.  Lateral  (cephalic)  fo8s« 
long  and  deep.  Mouth  situated  far  back  from  the  anterior  end.  Color 
usually  whitish  or  pale  ocher-yellow,  usually  becoming  reddish  to- 
ward the  head,  and  with  a  rather  indistinct  pale  dorsal  line ;  an- 
teriorly there  are  usually  two  pale  dorsal  spots  in  front  of  which  the 
head  is  yellowish. 

Length,  in  extension,  100™"';  breadth  0-5  to  0'75'""'. 

Off  Cape  Ann,  Mass.,  45  fathoms,  mud,  1878. 

LineUS  dubiUS  VerriU. 
Litieus  dubius  VerriU,  Notice  of  Recent  Addit.   to   Mar.  Invert.,  Part  I,  in  Prot*. 
National  Mus.,  ii,  p,  186,  1879. 

PLATE    XXXVII,    FICiUBSS    4,    4a. 

Body  very  slender  in  extension,  and  attenuated  posteriorly.  Head 
elongated,  narrow,  usually  pointed  ;  lateral  slits  of  moderate  length ; 
ocelli  whitBy  inconspicuous,  forming  a  lateral  row  of  about  twelve, 
extending  back  on  each  side  of  the  head  beyond  the  posterior  en^ls 
of  the  lateral  fossae,  usually  the  four  anterior  ones  on  each  side  are 
separated  by  a  little  space  from  those  that  follow,  but  all  are  nearly 
in  a  simple  row.     Color,  above,  light  green  to  dark  olive-green. 

Length  of  the  largest  specimens  observed,  50  to  75'"'". 

Gloucester,  Mass.,  under  stones,  between  tides,  18V8. 

LiineUS  biCOlor  Verrill,  sp.  nov. 

PLATK   XX XV 11,    FIGURES     8,    Sil,    Sd. 

Body  rather  small,  in  extension  elongated,  thickest  and  somewhat 
depressed  in  the  middle,  tapering  to  both  ends,  and  decidedly  at- 
tenuated posteriorly ;  sides  rounded.  Head  elongated,  flattened, 
rather  wider  than  the  neck,  in  usual  extension.  Lateral  olfactory 
slits  long  and  deep,  with  thin  margins.  Mouth  usually  elliptical, 
situated  behind  the  ends  of  the  olfactory  slits.  The  ocelli  are  ar- 
ranged  in  a  simple  row  of  about  4  to  7  on  each  side  of  the  head,  the 
front  pair  largest.  Color,  above,  along  each  side  of  back  a  broad 
stripe  of  olive- green,  yellowish  green,  or  brownish  green,  separated 
by  a  median  dorsal,  well  defined,  broad  strijie  of  pale  yellow  or 
yellowish  white,  usually  becoming  clear  white  on  the  head,  where  it 
expands  and  blends  with  a  white  frontal  area  in  advance  of  the  eyes; 
the  margins  of  head  are  also  white.  Lower  surface  pale  greenish  or 
yellowish  white. 

Length  in  extension,  35  to  45'^*'";  diameter,  1  to  LS""*".  Described 
from  life. 
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Long  Island  Sound  to  Vineyard  Sound,  in  2  to  24  fathoms  ;  Bart- 
lett's  Reef,  22  fathoms,  1874.  -  Usually  taken  on  shelly  or  stony 
bottoms  among  algsB,  ascidians,  and  hydroids  ;  common,  especially  in 
Vineyard  Sound.  The  specimen  figured  was  taken  at  Wood's  Holl, 
July  14,  1875. 

DOUBTFUL   SPECIBS. 

Lineus  tnincatus  (flubr.)  Vernii. 

CerebrcUulua  truncatua  Hubrecht,  Vojage  of  the  Challenger,  vol.  xix,  pp.  37,  50,  pi. 
1,  flga  11,12,  1887. 

This  species  was  described  from  imperfect  alcoholic  specimens,  so 
that  its  external  form  and  color  in  life  are  entirely  unknown. 

In  the  contracted  specimens  the  head  is  short,  flattened,  truncated 
in  front  ;  the  cephalic  slits  are  short  and  run  forward  close  to,  but 
do  not  join,  the  proboscis-pore  ;  the  mouth  is  small,  rounded,  and 
only  a  short  distance  back  from  the  front. 

Off  Nova  Scotia  in  75  and  85  fathoms  ;  also  off  Bermuda.  (Chal- 
lenger Exp.) 

The  small  mouth,  rounded  body,  and  general  ap])earance8  of  the 
specimens,  as  figured,  indicate  that  it  belongs  to  Lineus  or  Micruray 
and  not  to  Cerebratulus,  as  here  defined.  There  is  nothing  in  the  de- 
scription to  distinguish  it  from  Lineus  viridis^  which  often  contracts 
into  the  same  form. 

Microra  Ehrenberg,  1830. 

Mirrura  (pars)  Mcintosh,  Nemerteans,  p.  196. 
Cerebratuitisipars)  Hubrecht. 

Body,  head,  and  proboscis  nearly  as  in  Lineus  ;  body  elongated, 
terete  or  somewhat  flattened  ;  the  posterior  regions  usually  not 
much  flattened,  nor  very  different  in  form  from  the  region  of  the 
proboscis.  Cephalopori  or  olfactory  slits  well  defined.  Ocelli  some- 
times present,  but  often  wanting.  Posterior  end  of  the  body  pro- 
vided with  a  median  slender  cirrus,  above  the  anus. 

This  genus,  as  here  defined,  differs  from  Lineus  in  little  else  than 
the  presence  of  a  well  marked  contractile  anal  cirrus,  which  may 
often  be  distinguished  even  in  alcoholic  specimens.  From  Cerebra- 
tuhiSy  which  also  has  the  anal  cirrus,  it  differs  in  the  form  and  mus- 
cular structure  of  the  body  posteriorly,  which  is  not  very  flat  and 
thin,  nor  adapted  for  swimming,  as  in  the  latter, 

Tbaks.  Conn.  Acad.,  Vol.  VIII.  50  Jvnk,  1892. 
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Some  of  the  flat  species  included  in  tliis  genus  by  Mclutosh,  I 
should,  therefore,  transfer  to  Cerebratidus,  especially  his  Af,  /\t»c*i 
(non  Fabr.  sp.) 

Hubrecht  has  united  Micrnra  and  Cerebratukia  without  regard  to 
the  form  of  the  body  and  the  muscular  structure  of  the  body-walls, 
which  seem  to  me  important  characters,  involving  wide  differences 
in  habits. 

The  species  of  Micriira  are  fossorial  in  their  habits  and  do  not 
swim  at  the  surface,  so  far  as  I  have  observed,  and,  indeed,  the  form 
and  structure  of  the' body  are  not  adapted  for  swimming. 

Some  of  the  species  of  Micruray  if  not  all,  have  a  Pilidium-stage 
in  development.  The  embryology  of  many  of  the  species  has,  how- 
ever, not  been  traced.  Nor  have  any  of  the  several  species  of  Pili- 
dium-larv»  found  on  our  coast  been  reared  till  the  adult  character^i 
could  be  determined.  On  Plate  xxxix,  I  have  iigured  two  distinct 
kinds  of  these  larvos  that  are  common  at  Wood's  HoU,  Mass.,  in  sum- 
mer. One  or  both  probably  belong  to  some  of  our  species  of  Micrura^ 
but  as  the  larval  form  of  Gerehratulus  is  unknown,  one  of  them  may 
belong  to  that  common  genus.  The  young  nemertean  seen  in  the 
interior  of  one  species  (fig.  5,  i^),  has  already  two  distinct  ocelli, 
which  would  indicate  that  it  belongs  to  a  species  like  M,  affini^^ 
which  has  ocelli  when  adult. 

Micrura  affinis  Ven-iii. 

Poseidon  affinis  Girard  in  8timp.,  Marine  Invert,  of  Grand  Mauuu,  p.  28,  1853. 
Nefnertes  affinis  Verrill,  Amer.  Journ.  Sci.,  vol.  vii,  pp.  39,  412,  1874;  Proc.  Am. 

Assoc,  for  1873,  pp.  351,  363. 
Micrura  affinis  YerriM,   Proc.  U.  S.  Nat.  Mus.,  vol.  ii,  p.  180,  1879;  Check  List, 

Invert.,  p.  12,  1879. 

PLATE   XXXVI,   FIGURE    1   ;    PLATE    XXXVII,    FIGURES   6,    6a. 

Body  elongated  in  extension,  somewhat  depressed,  but  with  round* 
ed  sides,  of  nearly  uniform  breadth  through  most  of  the  length,  but 
somewhat  tapered  posteriorly,  and  terminated  by  a  slender,  pointed, 
pale  anal  papilla  or  cirrus,  about  one-half  as  long  as  the  diameter  of 
the  body.  Head  scarcely  wider  than  the  neck,  elongated,  flattened, 
usually  obtusely  rounded  anteriorly,  but  changeable.  Lateral  olfac- 
tory slits  long  and  deep,  with  thin  white  margins  in  front,  uniting 
with  the  proboscis-pore.  Mouth  of  moderate  size  situated  opposite 
the  ends  of  the  slits.  Ocelli  rather  large,  black,  conspicuous,  vari- 
able in  number,  forming  a  single  row,  usually  of  four  to  six  on  each 
side  at  th^  edges  of  the  white  marginal  areas  ;  the  front  ocelli  are 
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asually  distinctly  larger  than  the  others.  Color,  above,  usually 
clear  bright  red,  varying  to  dark  red  and  reddish  brown,  rarely  to 
greenish  brown  ;  often  crossed  by  indistinct,  transverse,  pale  lines, 
as  in  Linetis  tnridis  ;  front  and  margins  of  head  white ;  under  sur- 
face light  flesh-color  or  pinkish,  often  showing  by  translucency  the 
intestinal  caeca  or  pouches  along  the  sides  in  the  form  of  transverse 
gray  blotches. 

Length  up  to  125  to  150'"'"  ;  diameter,  2  to  4'"".  Described  from 
life. 

Very  common  from  off  Cape  Cod  and  Massachusetts  Bay  to  Nova 
Scotia,  in  8  to  150  fathoms  or  more,  on  shelly  and  stony  bottoms.  It 
is  particularly  common  in  the  Bay  of  Fundy,  the  harbor  of  Eastport, 
Me.,  and  the  other  cold  waters  of  that  region,  where  it  is  also  often 
found  at  low-water  mark  under  stones.  It  has  also  been  frequently 
dredged  in  12  to  50  fathoms  south  of  Cape  Cod,  and  off  Nantucket 
and  Martha's  Vineyard,  in  the  cold  area. 

This  species,  in  some  of  its  red  and  brown  varieties,  closely  resem- 
bles the  red  and  brown  varieties  of  Linsus  viridis,  from  which  it 
cannot  be  distinguished  when  living  without  a  careful  examination. 
The  presence  of  the  caudal  cirrus  is  easily  diagnostic,  when  the 
specimen  is  perfect,  but  when  mutilated,  as  often  happens,  the  dif- 
ficulty is  much  increased.  The  ocelli  in  this  species  are  usually 
larger  and  more  distinct  than  in  Linetis  viridis. 

Micrura  dorsalis  Verriii,  sp.  nov. 

PLATE    XXXVIII,    FIOURBS   4,    4a. 

Body  depressed,  rather  large  and  thick,  length  up  to  6  inches  in  ordi- 
nary extension  ;  in  contraction  it  becomes  short  and  thick,  and  may 
even  contract  itself  into  a  ball  ;  the  margins  are  well  rounded  and  the 
body  tapers  toward  both  ends.  The  anterior  region  of  the  body  for 
about  a  sixth  to  a  tenth  of  the  whole  length,  often  becomes  in  par- 
tial contraction  rounded  and  narrower  than  the  rest  of  the  body. 
Head  obtusely  pointed  or  bluntly  rounded  in  front,  not  distinct 
from  the  body  and  of  the  same  breadth.  Cephalopori  moderately 
long,  somewhat  oblique  longitudinal  slits  on  the  sides  of  the  head, 
extending  nearly  to  the  proboscis-pore.  Ocelli,  none.  Mouth  small, 
rounded,  nearly  opposite  the  hind  end  of  the  cephalopori. 

Color  pale  ocher-yellow  with  an  orange  tinge  anteriorly,  with  a 
darker  medial  stripe  above  and  below,  and  having  pale  mottlings  in- 
distinctly showing  through  on  each  side  due  to  the  internal  organs. 

Length  160'"'«;  diameter  5'"'".     Described  from  life. 
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The  type-specimen,  described  above,  as  now  preserved  in  alcohol, 
has  a  stout  body,  thickest  anteriorly,  tapering  to  the  hind  end, 
which  terminates  in  a  small,  whitish  caudal  papilla.  The  sideB  are 
everywhere  rounded.  Head  short,  thick,  subconical,  blunt,  not  dis- 
tinct from  the  body  ;  proboscis-pore  terminal,  in  the  form  of  a  short 
vertical  slit ;  lateral  cephalic  slits  moderately  long,  joining  the  pro- 
boscis-pore in  front,  so  as  to  divide  the  tip  of  the  snout  into  four 
parts.  Mouth  small,  rounded,  opposite  the  posterior  ends  of  the 
cephalic  slits. 

Length  in  alcohol,  64°";  diameter  3™°;  length  of  cephalic  slits 

omm 

Eastport,  Me.,  at  Clark's  Ledge,  extreme  low-water  mark,  under 
stones,  1870. 

Micrura  rubra  Verrill,  ap.  nov. 

PLATE  XXXVIII,  FIGUBBS  3,   3a,   9,   9a. 

Body  moderately  large,  subterete  and  elongated  in  extension,  up 
to  3  inches  long,  rather  more  slender  posteriorly.  Head  obtuse  or 
rounded  in  front ;  proboscis- pore  a  vertical  terminal  slit ;  cephalic 
slits  or  cephalopori  long  and  deep,  in  front  joining  the  proboscis- 
pore  so  as  to  divide  the  tip  of  the  snout  into  four  small  lobes  ;  the 
slits  extend  back  as  far  as,  or  beyond,  the  mouth,  which  is  ordinarily 
a  small  elliptical  opening.     No  ocelli. 

Color,  above,  light  orange  red  to  bright  red,  indistinctly  mottled 
along  the  sides  with  brownish  red,  due  to  internal  organs. 

Length  62  to  76"™  in  extension  ;  diameter  2*6'"".  Described  from 
life.     (No.  722). 

In  alcohol  the  specimens  above  described  are  much  contracted, 
thick  and  short,  stoutest  anteriorly,  tapered,  but  scarcely  flattened 
posteriorly.  Ovaries  filled  with  eggs  commence  some  distance 
back  of  the  head.  Cephalic  slits  moderately  long  and  deep,  joining 
the  proboscis-pore  in  front.  Prosboscis,  as  ejected,  coiled  in  a 
spiral,  moderately  long  and  rather  thick,  tapering  to  both  ends. 

Off  Casco  Bay,  July  16,  1873. 

A  curious  specimen  (Plate  xxxviit,  fig.  3,  3a),  probably  of  this 
species,  was  taken  in  the  Bay  of  Fnndy.  It  had,  apparently,  been 
broken  and  was  in  the  act  of  reproducing  the  hinder  part  of  the 
body. 

Body  round,  cylindrical  in  extension,  very  changeable  in  shape  : 
posterior  end  abruptly  narrowed  into  a  small,  round  caudal  portion 
terminating  in  a  small  papilla.     Head  obtusely  rounded  or  obliquely 
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conical  with  an  oblique  lateral  cephalic  slit  on  each  side  ;  mouth 
small,  opposite  the  posterior  ends  of  the  slits.     No  ocelli. 

Color  nearly  uniform  deep  flesh-color.  The  salmon-colored  ovaries 
show  through  slightly,  especially  posteriorly,  as  transverse  spots. 

Length  about  25"™;  diameter  2-6™'". 

Bay  of  Fundy,  off  Head  Harbor,  Campo  Bello  Island,  40  fathoms, 
mud,  Aug.  27,  1870.     (Catal.  No.  117). 

Micmra  aJbida  VerriiL 

Micnira  aSbida  VerriU,  Notice  of  Recent  A^ddit.  to  Mar.  Invert.,  Part  I.  in  Proc. 
National  Mua,  ii.  p.  186,  1879. 

Body  slender,  thickest  and  nearly  round  anteriorly,  gradually 
tapered  and  somewhat  flattened  posteriorly,  with  a  small,  slender 
caudal  papilla.  Head  flattened,  narrow,  obtuse,  narrower  than  the 
body.  No  ocelli.  Lateral  fosssB  rather  short,  extending  beyond  the 
mouth,  not  conspicuous.  Color  whitish,  or  pale  yellowish,  often  be- 
coming light  red  toward  the  head ;  posteriorly  often  with  grayish  or 
clay-colored  internal  mottlings  along  the  sides,  due  to  the  repro- 
ductive organs.     Very  sluggish  in  its  motions. 

Two  specimens  from  140  fathoms,  off  Cape  Ann,  apparently  of 
the  same  species,  were  milk  white  above,  with  fine  specks  of  opaque 
white,  the  ganglions  showing  as  red  spots  ;  they  had  a  narrow  but 
distinct  ring  of  blue  around  the  body,  behind  the  head. 

Length,  50  to  125""™;  diameter  25  to  3"'"^. 

Common  in  the  Gulf  of  Maine  and  Massachusetts  Bay,  on  muddy 
l>ottom8,  in  from  30  to  140  fathoms. 

It  is  sluggish  in  its  movements  and  constructs  translucent  tubes  of 
tough  mucus. 

Micrura  inomata  VerriU. 

Micrura   iriomata  VerriU,  Notice   of   Recent  Addit.  to   Mar.   Invert.,   Part  I,  in 
Proc.  National  Mub.,  ii,  p.  186,  1879. 

PLATE    XXXVII,    FIGURE    7. 

Body  subterete,  moderately  elongated,  thickest  anteriorly  or  in 
the  middle,  gradually  tapered  to  the  somewhat  flattened  tail  ;  cau- 
dal filament  white,  very  slender  and  acute,  sometimes  as  long  as  the 
diameter  of  the  body,  but  usually  less.  Head  obtuse,  often  as  wide 
as  the  body  or  wider,  somewhat  flattened.  Lateral  fossae  long,  deep, 
curved,  extending  to  opposite  the  mouth,  the  latter  not  being  very 
far  back.  No  ocelli.  Color  above,  bright  cherry-red,  varying  to 
dark  red,  the  middle  of  the  head  brightest ;  tail  pale. 


432     A.  E.  VerriU — Marine  tfemerteans  of  New  JSkigland,  etc. 

Length  of  largest  specimens  observed,  about  75°*";  breadth,  1*5  to 

2mm  j,^  extension.     Described  from  life. 

Massachusetts  Bay  and  Gulf  of  Maine,  45  to  110  fathoms,  mud 
Resembles  the  young  of   CerebrcUtdus  luridus    Fl,  which  occiir» 

with  it. 

CerebratTllUS  Remer,  1804. 

Meckelia  Leuckarl,  Breves  Anioi.,  p.   17,   1828  (t  Rathke);  Diesiog,  Sy?t.  Hels. 

vol.  i,  p.  266,  1850. 
Serpentaria  Goodsir,  Ann.  Nat  Hist,  vol.  xvi,  p.  S'lT,  1835. 
Cerebratulus  (pars)  and  Meckelia  Stimpson,  Prodromua,  p.  160,  1857. 
OerebrcUubu  Mcintosh,  British  Annelids,  Fart  T,  Nemerteans,  p.  194,  1873. 
Gerebraitdus  (pars)  Hubrecht,  Voy.  Challenger,  vol  xix,  p.  37,  1 887 ;  Cams,  Patn* 

Medit,  p.  160. 

Body  large,  elongated,  much  flattened  along  the  middle  and  pos- 
terior portions  and  adapted  for  swimming  by  having  the  raaipof 
produced  and  thin,  mainly  owing  to  the  unusual  development  of 
the  longitudinal  muscular  layers,  which  are  greatly  thickened,  »- 
pecially  the  outer  layer,  which,  as  seen  in  transverse  sections,  form* 
a  more  or  less  triangular  band,  much  thicker  than  elsewhere,  (PUu* 
XXXIX,  fig.  19,  I).  Transverse  muscular  bundles  running  from  th* 
upper  to  the  lower  sides  of  the  inner  surface  of  the  body-wall  (fig. 
19,  t')  are  also  unusually  well  developed  so  as  to  aid  in  giving  an  an- 
dulatory  motion  to  the  margin  while  swimming. 

Anterior  or  oesophageal  regioh  large,  with  rounded  margins  {fig. 
20).  Crecal  appendages  of  intestine  numerous  and  crowded,  elon- 
gated, more  or  less  forked  and  lobed  at  the  outer  ends,  the  divistoiui 
occurring  partly  horizontally,  and  showing  well  in  sagittal  sectioiu. 

Head  versatile  in  form,  usually  without  ocelli  Cephalic  lateral 
slits  or  olfactory  organs  are  large  and  deep.  Month  unnsuallT 
large,  oblong  or  oval,  rather  far  back.  Proboscis  very  long  and 
slender ;  in  section  showing  decussated  muscular  layers  medially, 
above  and  below. 

Anal  papilla  or  cirrus  often  long  and  slender,  delicate,  con- 
tractile, often  wanting  owing  to  injury.  It  contains  a  continoatioo 
of  the  muscular  layers  of  the  body-wall. 

Hubrecht  has  united  Micrura  to  this  genus,  and  in  his  report  on 
the  Nemerteans  of  the  Challenger  Exp.  he  proposes  also  to  unite 
Linens  with  it. 

Such  a  wholesale  massing  together  of  these  groups  seems  to  me 
unnecessary  and  undesirable,  and  is,  apparently,  only  thought  of  he- 
cause  of  the  difficulty  of  distinguishing  the  generic  position  of  alco- 
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holic  specimens — a  difficulty  that  holds  with  quite  as  much  force  in 
many  other  groups  of  animals,  which  lose  many  of  their  characters 
by  preservation  in  any  known  medium. 

However,  it  seems  to  me  that  some  of  the  large  species  referred  to 
Micrura  by  authors  really  belong  to  CerebratulteSy  especially  those 
like  M.  fusca  Mcintosh  {non  Fabr.  sp.) 

The  differences  noted  by  Mcintosh  in  the  muscular  layers  of  the 
proboscis  appears  to  me  of  less  importance  than  the  special  muscular 
structure  of  the  body-wall  which  enables  the  species  of  Cerebratulus 
to  swim  actively  at  the  surface,  while  the  more  slender  and  rounded 
species  belonging  to  Micrura  (restr.)  and  Lineua,  so  far  as  1  have 
observed,  are  unable  to  swim,  and  do  not  voluntarily  leave  the 
bottom. 

The  broad,  flattened  form  of  the  body  with  thin  margins  is  the 
external  expression  of  the  internal  musculature,  adapting  it  to  the  un- 
dnlatory  swimming  motion. 

CerebratTlluS  lacteus  (Leidy)  Verrill. 

Meckelia  fragUis  Girard,  Nord  Amer.  Monatsb.,  1851  {non  Goodsir,  sp.) 

Meckelia  ktctea  Leidy,  Proceedings  Academy  Natural  ISclences  of  Philadelphia,  vol. 

V,  p.  243,  1851,  (young);  Verrill,  Invertebrate  Animals  of  Vineyard  Sound,  p. 

336  [630],  1873,  (youngX  non    G,   lacteus  Hubrecht,    Mont.  H^.:^Ldneus  lactewf 

Mcintosh. 
T Meckelia  Lizzkt  Girard,  Proc.  Acad.  Nat.  Sci.  Philad.,  vol.  vi,  p.  306,  1854. 
MecktHa  ingens  Leidy,  Marine  Invertebrate  Fauna  of  Rhode  Island  and  New  Jersey, 

p.  11  (143),  1855;  Verrill,  Invertebrate  Animals  of  Vineyard  Sound,  p.  336  [630], 

Plate  XIX,  figures  96,  96a. 

PLATE      XXXV,    FIGURES      1,     la;      PLATE     XXXVI,     FIGURE     2;      PLATE 
XXXVII,    FIGURES    1,    !«,    \b  \    PLATE    XXXIX,    FIGURES    19,    20,    21. 

Body  flat,  large  and  very  long  when  full  grown,  sometimes  becom- 
ing fifteen  to  twenty  feet  long  and  upwards  of  an  inch  in  breadth, 
very  contractile  and  changeable  in  length,  breadth,  and  form. 
While  swimming  the  body  is  turned  up  edgewise  and  thrown  into 
many  undulations  and  the  motion  resembles  that  of  an  eel,* but  is 
less  rapid.  The  anterior  part  of  the  body  for  some  distance  back  of 
the  head  is,  in  usual  extension,  narrower  and  thicker  than  the  rest, 
with  the  margins  rounded  ;  the  body  then  expands  rather  rapidly 
in  breadth  and  at  the  same  time  becomes  more  flattened  while  the 
margins  become  thin  and  pale,  and  throughout  the  rest  of  its  length 
the  body  continues  thin  and  flat,  gradually  decreasing  in  breadth 
and  thickness  toward  the  posterior  end,  which  is  usually  obtuse,  or 
slightly  emarginate,  but  occasionally,  or  when  perfect,  terminates  in 
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a  slender  anal  papilla.  The  posterior  end  is,  however,  seldom  seen 
entire,  owing  to  its  extreme  fragility  and  its  tendency  to  disrupt  it- 
self when  irritated.  When  disturbed  the  middle  region  of  the  body 
often  contracts,  while  the  anterior  becomes  thick  and  swollen. 

The  increase  in  breadth  of  the  body  and  enlargement  of  the  mar- 
ginal regions  marks  the  commencement  of  the  crowded  lateral  lobes 
of  the  stomach  and  the  genital  organs,  which  can  usually  be  setii 
through  the  translucent  integuments  ;  the  csecal  lobes  of  the  int(»- 
tine  usually  appear  as  closely  arranged,  transverse,  oblong  spots, 
forming  a  regular  row  along  each  side,  from  their  commencement 
nearly  to  the  posterior  end  of  the  body,  and  usually  having  a  slight- 
ly darker  or  more  brownish  tint  than  the  central  and  marginal 
regions.  The  ca3cal  appendages,  when  seen  from  above  or  below, 
usually  appear  as  simple,  narrow,  but  often  forked,  and  closely  ar- 
ranged lobes,  but  when  examined  in  sagittal  sections  they  are  most- 
ly lobed  and  forked  horizontally.  The  genital  organs  are  closely 
crowded  between  the  ciecal  pouches  of  the  stomach,  distally. 

The  head  is  exceedingly  changeable  in  shape,  according  to  il^ 
state  of  contraction  or  expansion,  but  is  usually  narrower  and  thinner 
than  the  adjacent  part  of  the  body.  In  full  extension  it  is  usually 
broad  spear-shaped  or  rhomboidal,  and  more  or  less  pointed  at  the 
apex,  while  marked  lateral  constrictions  separate  it  posteriorly  from 
the  body,  but  in  another  moment  it  may  contract  to  a  broad  roundeii 
form,  or  it  may  even  become  deeply  emarginate  in  front,  with 
rounded  lateral  lobes,  or  it  may  change  to  a  very  narrow  and  elon- 
gated form  with  a  sharp  point.     Ocelli  are  wanting. 

The  lateral  cephalic  slits  are  large  and  deep,  extending  the  entire 
length  of  the  head,  a-tid  running  forward  close  to  and  a  little  abo\e 
the  proboscis-pore,  those  of  opposite  sides  not  uniting  together  ex- 
cept by  a  very  shallow  furrow  ;  they  do  not  join  the  proboscis -pore, 
so  that  the  snout  is  not  four-lobed  at  tip,  as  in  some  allied  species. 
Their  margins  are  thin  and  mobile,  often  undulated  or  curled  hack 
so  as  to  open  the  slits  widely  and  expose  the  deep  posterior  pit^, 
which,  in  life,  are  dull  red  within.  Proboscis-pore  large,  terminal  or 
subterminal. 

Mouth  very  large,  but  variable  in  form  as  the  head  varies  in 
sha[)e,  most  frequently  appearing  as  a  long,  narrow  oval  or  oblong 
slit,  its  anterior  end  opposite  the  posterior  ends  of  the  lateral  slits. 

Proboscis  exceedingly  long,  slender,  round,  whitish,  and  nearly 
smooth.  When  the  worm  is  placed  in  alcohol  or  other  irritating 
fluid  the  proboscis  is  usually  ejected  entirely  without  eversion  (PI 
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XXIV,  fig.  la);  in  large  specimens  it  is  four  feet  or  more  long,  and  3 
or  4™™  in  diameter  at  the  large  end. 

Color  of  small  and  moderate-sized  specimens  is  translucent  milk- 
white,  cream-color,  pale  flesh-color,  and  occasionally  pale  salmon  or 
pale  pink,  with  the  margins  paler  and  piore  translucent ;  larger  indi- 
viduals arc  generally  deeper  flesh-color,  cream-color,  light  salmon  or 
ocher-yellow,  and  occasionally  dull  gray  ;  the  c«ecal  appendages  of  the 
intestine  and  the  reproductive  organs  appear  as  a  more  opaque 
yellowish  or  pale  brownish  band  along  each  side,  near  the  pale 
margins  ;  the  lateral  nerve-trunks  are  reddish. 

length  of  ordinary  adult  specimens,  in  extension,  500  to  1200*""^; 
breadth  in  middle  15  to  22""";  some  specimens  are  more  than  double 
these  sizes. 

Common,  burrowing  both  in  sand  and  mud  at  and  above  low- 
water  mark,  and  in  shallow  water  down  to  several  fathoms  in  depth, 
from  Florida  to  Massachusetts  Bay,  and  locally  found  on  the  coast 
of  Maine. 

It  is  particularly  abundant  near  low-water  mark  on  the  sheltered 
sandy  shores  of  the  New  Jersey  estuaries  ;  Long  Island  Sound  ;  Buz- 
zard's Bay ;  Vineyard  Sound  ;  Cape  Cod  ;  and  at  Annisquam,  Mass., 
north  of  Cape  Ann.  I  have  taken  a  number  of  well  grown  examples 
at  Quahog  Bay,  on  the  coast  of  Maine,  where  it  is  associated  with  a 
colony  of  other  southern  species.  I  have  not  found  it  in  the  Bay  of 
Fundy,  where  it  is  replaced  by  a  closely  allied  arctic  species  (C7. 
fuscits).  Its  southern  range  is  not  well  determined,  but  I  have  seen 
specimens  from  Fort  Macon,  North  Carolina,  and  others  from  St. 
Augustine,  Fla.,  and  Charleston,  S.  C,  (W.  R.  Coe). 

The  largest  specimen  hitherto  obtained  I  personally  dug  from  the 
sand  at  low-water  mark  at  Great  Egg  Harbor,  N.  J.,  April,  1872. 
This  one,  when  extended,  was  22  feet  long  and  nearly  an  inch  in 
breadth,  in  the  middle.  It  could  contract,  however,  to  less  than  6 
feet  in  length,  becoming,  at  the  same  time,  much  broader,  thicker, 
and  firmer.  This  gigantic  specimen  is,  apparently,  the  most  bulky 
neroertean  that  has  ever  been  described,  though  species  of  Linens 
far  exceed  it  in  length. 

When  preserved  in  alcohol  it  contracts  very  firmly  and  shows  very 
plainly  the  contrast  between  the  form  of  the  anterior  and  middle 
regions  of  the  body,  the  latter  being  decidedly  flat  with  thinner  mar- 
gins.    The  head  takes  various  shapes. 

In  alcoholic  specimens  the  mouth  is  usually  large  and  open. 
Sometimes  numerous  small  whitish  papillae,  probably  containing  the 

Teaks.  Conn.  Acad.,  Vol.  VIII.  57  June,  1892. 
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genital  porea,  can  be  seen  a  short  distance  from  the  margin,  both 
above  and  below  ;  sometimes  there  are  several  in  each  transverse 
row  ;  at  other  times  only  two  or  three  are  visible. 

In  transverse  section^  the  great  thickening  of  the  interior  longitu- 
dinal muscular  layer  in  the  marginal  areas  is  strongly  marked.  (PI. 
XXXIX,  figure  19.) 

The  earliest  name  of  this  species  that  can  be  retained  is  apparently 
C,  lacteiM  (Leidy),  which  was  given  to  the  white  specimens  that 
I  now  regard  as  the  young  of  this  species.  I  have  adopted  thi« 
name  for  the  species,  notwithstanding  that  Lineiis  lacteus  (Mont.) 
Mcintosh  is  now  referred  to  Cerebratuhis  by  Hubrecht.  That  the 
latter  belongs  to  Cerehratuly^,  as  here  defined,  I  do  not  think  p<»?- 
sible. 

A  large  species  ( C,  Pocahontas)  from  Charelston,  S.  C,  very 
briefly  described  by  Girard  under  the  name  of  Meckelia  Pocohoni^is,* 
appears  to  be  very  similar  to  our  species  in  size  (3  feet  long),  form,  and 
color,  but  he  states  that  the  snout  is  split  vertically  [by  the  proboscis- 
pore],  indicating  that  the  cephalic  slits  join  the  proboscis-pore  in  front, 
so  that  the  snout,  as  he  states,  is  four-lobed  at  the  tip,  which  is  not  the 
case  in  our  species.  C.  Lizzim^  from  the  same  place,  described  in 
few  words,  at  the  same  time  (op.  cit.  p.  367),  agrees  with  our  specie? 
in  respect  to  the  color,  snout,  and  slits,  and  may  be  identical  with  it. 

C,  striolenta  (Leodes  striolenta  Girard,  loc.  cit.)  also  from  Charles- 
ton, ap})ear8  to  be  a  typical  Cerehratulus^  but  it  is  a  very  distinctly 
marked  species,  having  a  pink  body,  longitudinally  striped,  and  with 
dark  longitudinal  blotches  on  the  head ;  margins  pale  ;  length  six 
inches  ;  no  ocelli. 

Cerebratulus  Leidyi  Vernii. 

ilfff^W/a  ro.wa  Leidy,  Proc.  Acad.  Nat.  Sci.   Philad.,  vol.  v,  p.  244,    1851;  Verrill. 

Invert,  of  Vineyard  Sound,  etc.,  pp.  336,  [630]  1873. 
?  Renieria  rtihra  Girard,  Proa  Acad.  Nat  Sci.  Philad.,  voi.  vi,  p.  366,  1864. 
CerehraMusroseusYQTtW^  Check  List  Invert.,  p.  12,  1879,  (n(hi  C.  roff««  (D.  Ch.l 

Hubrecht). 

PLATK    XXXVIII,   FIGURES    2,    2a. 

Body  elongated,  rather  slender  in  extension,  rounded  in  the  a»80- 
phageal  region,  decidedly  flattened  and  wider  farther  back,  hut  not 
so  much  so  as  in  C  lactetus  and  allied  species,  nor  do  the  margins  be- 
come so  broad  and  thin.  Caudal  papilla  of  moderate  length,  slender* 
while,  often  absent,  owing  to  injury. 

*Proc.  Acad.  Nat.  Sciences,  Philad.,  vol.  vi,  p.  366,  1854. 
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Head  versatUe,  in  extension  decidedly- long  and  narrow,  often  nar- 
rower than  the  body,  regularly  tapered  to  the  acute  tip. 

Mouth  large,  elongated,  with  slightly  crenulated  white  lips  ;  its 
anterior  end  is  about  opposite  the  posterior  ends  of  the  lateral  slits. 

Lateral  cephalic  slits  long  and  deep,  with  thin,  translucent  mar- 
gins, often  curved  back  so  as  to  show  the  large  interior  cavity  ;  in 
front  they  run  very  close  to  the  proboscis-pore,  which,  in  contrac- 
tion, appears  as  a  sub-terminal  vertical  slit.  Proboscis  very  long  and 
slender,  pale  pink  in  color.  14  o  ocelli.  Cephalic  ganglions  large, 
showing  through  the  integument  as  dark  red  spots. 

Color  of  body  dull  red,  or  rose-color,  or  pale  purplish,  somewhat 
lighter  beneath  ;  usually  with  a  lighter  colored  median  line,  and  a 
red  spot  in  the  head  corresponding  to  the  ganglions  ;  front  of  head 
and  mouth  area  whitish ;  the  closely  arranged  caecal  lobes  of  the  in- 
testine often  show  through  the  integument,  especially  beneath,  as 
a  pale  brown  band  along  each  side.  These  ciecal  appendages  are  nu- 
merous, and  many  of  them  are  divided  into  two  or  three  lobes  dis- 
tally. 

Very  common,  burrowing  in  sand  near  low- water  mark,  from  New 
Jersey  to  Cape  Ann,  Mass.  It  is  abundant  near  New  Haven,  Conn.; 
Thimble  Islands  and.Noank,  Conn.;  Newport,  R.  I.;  and  Wood's 
Holl,  Mass. 

This  is  a  more  strictly  littoral  species  than  the  preceding.  It  sel- 
dom occurs  much  below  low-water  mark.  The  mucus  that  it  secretes 
is  more  tenacious  than  that  of  most  species,  so  that  captive  specimens 
often  cover  themselves  quickly  with  adherent  sand. 

This  species  is  generally  found  associated  with  (7.  lactens,  from 
which  it  can  easily  be  distinguished  by  its  decidedly  red  color,  and 
its  narrower  and  more  slender  body,  without  the  very  thin  margins. 
It  is  also  a  more  sluggish  species  and  seldom  swims  freely.  It  is 
prone  to  break  itself  in  fragments  when  captured. 

It  is  unfortunate  that  the  name  roseusy  which  applies  so  well  to 
this  species,  cannot  be  retained  on  account  of  the  much  earlier  named 
Mediterranean  species.  I  have,  therefore,  given  it  a  new  name  in 
honor  of  Professor  Leidy,  who  iirst  described  it. 

It  is  quite  probable,  however,  that  C.  rubra  {  =  Renter ia  rubra 
Girard,  op.  cit.,-p.  366,  1864)  is  identical  with  this  species.  Girard's 
description  is  too  brief  and  indefinite  to  determine  this  question. 
He  describes  C.  rubra  as  uniform  brick-red,  paler  beneath,  and  as 
lacking  eyes  ;  length  6  to  6  inches.  Its  form  was  nearly  as  in  the 
present  species.  It  was  from  Charleston,  S.  C,  on  sand-flats  at  Fort 
Johnson. 
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Cerebratulus  fUSCUS  (Fabr.)  Verrill. 

Planarmfusca  Pabr.,  Fauna  Gronlandica,  p.  324,  1780. 

Meckelia  olivivcea  Ratlike,  Bcitrago  zur  Faima  Norw^egeus,  p.  324,  1843  (from  Acu 

Akad.  Cjks.  Leop.  Oarol.  Nat.  Ciir.,  vol.  xx,  1843). 
SerpenUtria  frctgiliif  (jroodair,   Aua.  Nat.  Hist.,  vol.  xv,  p.  387,  pi.  20,    figs.  1  aod  : 

1846. 
Meckelia  fieiyniUaria  Diesiiig,  Sy sterna  Holm.,  vol.  i,  p.  266,  1850. 
GwditisfnujiUs  Dalyell,  Pow.  Great,  vol.  ii,  p.  55,  pis.  6,  7,  and  7  {bis),  1853. 
Meckelia  serptnUiria  Lotickart,  ArebiVi  fur  NTaturges.,  ii,  p.  187,  1859. 
Serjyentana  frw/ilis  Johnston,  Catalogue  Brit.  Mus.,  p  28,  1866. 
CertbrattUus  angtdatm  Mcintosh,  British  Annelids,  part  i,  Nemerteans,  p.  195.  1^13. 
Cerebratulus  (?)  sp.  undoter.  (a)  Verrill,  Report  on  Invert.  Anim.  of  Vineyard  Sound. 

p.  336  [630],  1874. 
Cerebratultui  fjtujiUs  (?)  Jensen,  op.  cit.,  p.  85,  1878. 
Cerebratulus  tjrandis  (Sars)  Jensen,  op.  cil.,  p.  97,  pi.  8,  figs.  17-22. 
CerebratiUfis  fuscesceiis   Levinsen,   Bidrag  til  kundskab  oin  Gronlands  Turbellarie- 

fauna,  p.  40  [202],  1879. 

PLATE    XXXVII,    FIGURKS    2    TO    2c. 

Body  large,  stout,  rounded  for  a  considerable  distance  back  of  tht- 
•head,  and  thence  broad  and  much  flattened  to  the  posterior  end,  the 
edges  thin  and  usually  pale  in  color.  Head  very  changeable  in 
form,  often  broad  lance-shaped,  with  acute  snout,  changing  quickly 
to  ovate,  rounded,  or  even  emarginate  forms.  Ocelli  wanting, 
lltfouth  large,  oblong.  Ce]>halic  slits  large  and  deep,  moderately 
long  ;  they  do  not  meet  in  front,  nor  run  into  the  proboscis-pore, 
but  lie  in  a  higher  plane      Anal  cirrus  slender,  easily  detached. 

Color,  above,  dull  ash-gray,  greenish  gray,  slate-color,  clay-color, 
grayish  olive,  or  dirty  brown,  paler  below,  and  with  paler  margins, 
within  which,  on  each  side,  a  red  line,  showing  through  the  integuments 
marks  the  position  of  the  large  lateral  nerves.  Sometimes  the  back  i.** 
mottled  with  lighter,  and  darker  gray  or  slate  ;  mouth  surrounded  by 
white,  reddish  at  the  anterior  angle. 

Length  up  to  two  feet  or  more.  A  specimen  taken  at  Todd's 
Head,  Eastport,  Me.,  under  stones  at  low-water,  Aug.  19,  187U, 
measured  400"*'"  in  length,  when  moderately  extended  ;  breadth,  in 
middle,  12  to  14"*"*,  but  it  could  contract  to  less  than  100"*""  in 
length. 

This  is  a  northern  and  arctic  species.  I  have  taken  it  at  Plalifax, 
N.  S.;  Grand  Menan,  N.  B.;  Eastport,  Me.,  under  stones  and  in 
sand  and  gravel  near  low  water  mark,  and  beyond  in  shallow  water 
to  20  fathoms  or  more.  South  of  Cape  Cod  it  occurs  in  15  to  45 
fathoms  on  bottoms  of  sand  and  mud  in  the  cold  areas  swept  by  tlie 
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arctic  current,  as  off  Gay  Head,  in  19  fathoms,  and  off  Block  Island, 
in  29  fathoms.  It  is  also  found  on  the  coasts  of  Greenland,  northern 
Europe,  and  Scotland. 

This  species  usually  lives  in  burrows  under  stones,  in  muddy  or 
sandy  places,  at  and  below  low-water  mark,  but  when  disturbed  it 
swims  readily  and  rapidly  with  vigorous  eel-like  undulations  of  the 
posterior  flattened  portion  of  its  body,  which  is  carried  with  the 
greater  diameter  vertical  while  swimming.  In  t\\y&  habit  it  agrees 
with  C.  lacteus  and  several  other  large  species,  but  it  is,  perhaps, 
more  active  and  more  vigorous  than  C.  kicteus,  and  somewhat  less 
liable  to  disrupt  its  body  when  captured.  Like  C.  lacteus  it  is  oc- 
casionally taken  at  night  in  surface  nets,  showing  that  it  is  nocturnal 
in  its  habits  and  voluntarily  leaves  its  burrows  and  swims  free  at 
the  surface. 

After  long  preservation  in  alcohol  the  slate-color  of  the  body  and 
the  white  margins  are  often  distinctly  visible.  In  some  alcoholic 
specimens  the  small  and  slender  anal  papilla  is  still  preserved,  but  it  is 
so  fragile  that  it  is  generally  lost  during  capture  or  in  the  violent 
contractions  caused  by  the  alcohol. 

Our    species    is   probably   identical   with   the   European   species 
named   C.  angtdatus  by  Mcintosh,  who  supposed  his  species  to  be 
the   Planaria    angidata   of   Fabricius    (Fauna  Gronlandica).     The 
latter  is,  however,  our  Amphiporus  augiUatus,  as  stated  on  a  former* 
page. 

Formerly*  I  supposed  that  the  Greenland  species  named  Planaria 
fusca  by  Fabricius  might  be  the  brown  variety  of  Litieus  viridis, 
but  a  more  careful  study  of  his  description,  in  which  the  absence  of 
ocelli,  the  presence  of  lateral  cephalic  slits,  the  rounded  form  of  the 
anterior,  and  the  distinctly  flattened  form  of  the  posterior  part  of  the 
body  are  mentioned,  has  convinced  me  that  the  species  he  had  in 
hand  was  the  conmion  dark-colored,  large,  northern  Cerebratuli^, 
which  has  received  many  later  names.  His  statement  that  it  lives 
in  sand  on  the  shores  confirms  this  view.  Moreover,  this  same  Cere- 
brcUulus  has  been  recently  recorded  from  the  Greenland  coast  and 
referred  to  the  Fabrician  species  by  Levinsen,  as  quoted  above.  He, 
however,  adopts  the  later  emended  form  of  the  name,  quite  unneces- 
sarily it  seems  to  me.  Hence  I  have  resjtored  the  original  name,  first 
given  by  Fabricius  to  this  species. 

♦  Proc.  U.  S.  Nat.  Mus.,  vol.  ii,  p.  185,  \H19. 
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Cerebratulus  luridus  Vernii. 

MeckeUa  lurida  Verrill,  Report  on  Invert  of  Yinejard  Sound,  etc.,  p.  336  [€3^)] 

1873. 
Cerebratulus  luridus  Verrill,  Check  List  Invert.,  p.  12,  1879. 

PLATK   XXXVl,    FIGURE   3  ;     PLATE   XXZYII,    FIGURE   3. 

Body  large,  rather  stout,  very  changeable  in  form,  broad,  liar. 
thin  posteriorly,  where  the  lateral  caeca  and  reproductive  organs  an 
developed  ;  these  diminish  anteriorly  and  do  not  extend  forwanl 
into  the  narrower,  rounder,  and  thicker  portion  which  occupie* 
nearly  one-fourth  the  whole  length.  Head  very  changeable,  oft^n 
separated  from  the  body  by  a  constriction  ;  in  expansion  ofu-n 
spade-shaped,  obtuse,  or  pointed.  Lateral  cephalic  slits  very  long  am! 
deep  ;  in  front  they  are  connected  together  by  a  shallow  furniw, 
above  the  proboscis-pore.  Mouth  large,  usually  in  the  form  of  i 
long  slot,  commencing  about  opposite  the  posterior  end  of  the  lateral 
slits.  Proboscis  long  and  slender.  Caudal  papilla  small,  slender. 
acute. 

Color  reddish  brown  to  dark  olive-brown,  chocolate-color,  or 
purplish  brown,  darkest  anteriorly,  and  with  pale  marginn :  thr 
ca?cal  lobes  of  the  intestine  show  through  the  integument  as  duU 
brownish  or  ocher-yellow  transverse  bars  ;  usually  there  is  a  browft 
or  reddish  median  dorsal  line,  and  a  pale  ventral  line.  Some  dark 
specimens  are  marked  with  several  narrow  lighter  reddish  or  par 
plish  longitudinal  lines.  Young  specimens  are  usually  reddish  browii 
or  liver-brown  with  paler  snouts. 

Length  150  to  260'"'";  breadth  8  to  12'""".  Described  from  li^, 
(No.  723). 

Off  Gay  Head,  19  fathoms,  soft  mud,  1871  ;  off  Buzzard's  Bay,  -^ 
fathoms  ;  and  off  Block  Island,  29  fathoms,  sandy  mud,  1871  ;  Cm-" 
Bay,  10  to  68  fathoms,  1873  ;  Massachusetts  Bay,  in  many  localities. 
1877,  1878,  1879,  in  10  to  100  fathoms  ;  Bay  of  Fundy  ;  off  Hali- 
fax, N.  S.,  etc.,  common  ;  off  Martha's  Vineyard,  192  fathoms,  1^*^^ 
Numerous  specimens  of  various  sizes  from  1  to  8  inches  long  werv 
taken  in  Cape  Cod  Bay,  in  16  to  21  fathoms,  soft  mud,  Aug.  29, 1870. 
The  larger  ones  were  filled  with  eggs. 
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DOUBTFUL   SPECIES. 

CerebratuluS   medullatUS   Hubrecht,  Voyage  of  the  Challenger,  vol.  xix, 
pp.  39,  50,  pi.  xi,  fig.  10 ;  pU  xil,  figs.  9,  10,  1878, 

PLATE   XXXIX,    FIGURE    IV. 

This  species  was  described  from  a  mere  fragment,  without  head  or 
tail.  It  is  said,  however,  to  differ  from  other  species  in  the  structure 
of  the  body-wall,  which  is  thinner  than  usual. 

The  inner  glandular  layer  of  the  integument  and  the  inner  base- 
ment membrane  are  wanting,  as  distinct  layers,  so  that  the  outer 
glandular  layer  and  its  basement  layer  are  in  contact  with  the  outer- 
longitudinal  muscular  layer.  The  median  dorsal  nerve,  or  nervous 
thickening,  is  also  unusually  large  and  distinct,  being  from  one- 
third  to  one-fourth  as  thick  as  the  core  of  the  lateral  nerve-trunks. 

Off  Nova  Scotia,  in  85  fathoms. 

This  species  is  probably  not  a  Cerebratulics,  as  here  defined,  but 
more  likely  belongs  to  Lineus  or  Micrura^  and  perhaps  to  some 
of  the  species  described  above. 

Suborder  II,  GYMNOCEPHALA. 

ffotocephaia  Diesing,  1860,  nan  Mull.,  1835. 

GymnocephaHdce  Keflferstein,  Zeitsch.  fur  wiss.  Zool.,  xii,  1862. 

Anoj)la  (pars)  Mcintosh,  Nemerteans,  p.  203. 

P(Ummem^ltni  Fluhrecht;  Cams. 

Palceoneniertea  Hubrecht,  Voy.  Challenger,  xix,  p.  5,  1887. 

PakdomerHna  Lang,  Text- Book  of  Comparative  Anat.,  p.  178,  1891. 

Head  without  lateral  slits,  but  sometimes  having  shallow  trans- 
verse or  oblique  foss©  connected  with  small,  ciliated  (olfactory) 
pouches  or  ducts  leading  to  the  posterior  ganglions  ;  sometimes  des- 
titute of  both  fossae  and  ciliated  ducts.  Mouth  distinct,  situated 
back  of  the  ganglions. 

Proboscis  long  and  slender,  more  simple  in  structure  than  in  the 
lihagadocephala.  Usually  only  two  (lateral)  longitudinal  blood 
vessels  are  present. 

Ocelli  often  numerous,  variously  arranged,  sometimes  wanting. 

Lateral  nerve  trunks  sometimes  situated  between  the  basal  layer 
of  the  cutis  and  the  external  circular  muscular  layer  ;  sometimes 
outside  of  the  longitudinal  muscular  layer;  and  sometimes  in  the 
midst  of  the  muscular  layer  of  the  body-wall ;  usually  connected 
with  a  continuous  nervous  plexus. 
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In  the  classification  adopted  by  Hubrecht  and  several  other 
writers  this  group  and  the  Rhagadocephala  (or  Schizonertina)  are 
both  raised  to  the  same  rank  as  the  Enopla.  To  me  they  appear  h' 
be  of  subordinate  value,  as  here  indicated. 

The  species  are  all  marine,  and,  so  far  as  known,  none  of  theiu 
undergo  a  marked  metamorphosis. 

Family,  Cbphalothricid^  Mcintosh,  Nemerteans,  p.  208. 

Body  slender.  Head  elongated.  Superior  ganglions  and  com- 
missure situated  decidedly  in  front  of  inferior  ones.  Cephalic  fo«*:v 
and  pits  wanting.  Ocelli  usually  few  or  absent ;  sometimes  nunier 
ous.     Two  longitudinal  blood  vessels. 

Cephalothrix  (Ersted,  Kroyer's  Tidse.,  iv,  p.  573,  1844. 
AaUmma  (Ertsted,  Kroyer's  Tidss.,  iv,  p.  6'i4,  1844  (t.  Mcintosh). 

Body  slender,  terete  or  nearly  so.  Head  terete,  much  elongate<], 
tapering  to  a  point  in  extension.     Month  small,  situated  far  back. 

Cephalothrix  linearis  (Rathke)  CErsted. 

Planaria  linearis  Jens  Rathke,  Skrivter  af  Natiirhiat.  Selsk.,  vol.  v,  p.  84,  tab.  •. 

flg.  11,  1799. 
Planaria  filiformis  Johnston,  Zool.  Jour.,  vol.  iv,  p.  56,  1829  (t.  Mcintosh). 
Nemert^  {Borlasia)  rufi/rons  Johnston,  Mag.  Zool.  and  Bot.,  vol.  i,  p.  538,  pi.  xTir, 

figs.  4  and  5,  1837  (t.  Mcintosh). 
Cefihaiothrix  linearis  Qilrsted,   Entw.  Plattw.,  p.  82  (note  under  C.  arca\  1844  (i 

Mcintosh). 
Cephalothrix  bioculala  ffirsted,  Kroyer's  Nat.  Tidss.,  vol.  iv,  p.  673,  1844  (i  M*^ 

In  tosh). 
Astemmajili/armis  J ohualou J  Catalogue  Brit  Mus.,  p.  19,  1865. 
Cfqyhalothrix  filiformis  Mcintosh,  Kept  Brit.  Assoc.,  1867,  Trans.  Sect.,  p.  92,  IJ^^" 
CephcUoihrix  linearis  Mcintosh,  British  Annelids,  Part  I,  Nemerteans,  p.  208.  pi.  n 

figs.  4  and  5;  pl.  xviii,  flg.  15;  pi.  xxi,  figs.  2,  8,  13;  pi.  xxiir,  figs.  12  to  !«•. 

1873. 

Plate  xxxvi,  figures  4,  5;  plate  xxxix,  figures  10  to  13,  14,  15. 

Body  small,  nearh'^  terete,  changeable  ;  in  extension  very  slemler. 
elongated,  often  linear  or  hair-like,  frequently  coiled  in  a  close  spiral 
form,  usually  rather  thickest  in  the  middle  and  tapered  both  way\ 
but  often  with  the  posterior  end  thicker  and  obtnse.  Head  very 
long  and  round,  in  full  extension  tapering  to  a  slender  sharp  tip,  in 
contraction  often  circularly  wrinkled  ;  usually,  in  mature  specimenN 
without  distinct  ocelli  ;  sometimes  dark  specks  of  pigment,  irregu- 
larly arranged,  resemble  imperfect  ocelli.     Young  examples  usually 
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have  a  pair  of  distinct  ocelli.  No  cephalic  slits  nor  fosssB.  Mouth 
small,  situated  far  back  from  the  snout ;  and  usually  with  slightly 
prominent  lips. 

Color  pale  yellow,  flesh-color,  or  cream-color,  varying  to  pale 
salmon  and  greenish  white,  often  with  the  anterior  region  deeper 
salmon  or  reddish,  or  with  a  median  red  line  ;  sometimes  the  poste- 
rior part  of  body  is  bright  salmon  ;  the  head  and  anterior  portions 
of  body  often  show  a  whitish  or  drab  median  line,  due  to  the  pro- 
boscis ;  lower  surface  paler  than  the  upper.  Proboscis  very  long 
and  slender  ;  when  exerted,  covered  with  slender  acute  papillae. 

Length  60  to  76™°^ ;  diameter  -5  to  l™"". 

Long  Island  Sound  to  Nova  Scotia,  at  many  localities,  between 
tides  under  stones  and  in  sand.  Noank,  Conn.  ;  Newport,  R.  L  ; 
Wood's  Holl,  Mass.  ;  Portland,  Me.  ;  Eastport,  Me.  ;  Halifax,  N.  S., 
etc     Also  common  on  the  northern  coasts  of  Europe. 

This  species  often  occurs  gregariously,  many  individuals  being 
intricately  coiled  up  together  in  a  mass,  often  mingled  with  numer- 
ous pale  young  ones,  of  various  sizes. 

Family,  CARiNELLiDiE  Mcintosh. 

Body  elongated,  roundish,  decreasing  backward.  Head  broader 
than  body,  obtuse  anteriorly.  Mouth  small,  not  far  back.  Cephalic 
shallow  fossae  and  olfactory  sacs  present.     Ocelli  often  wanting. 

Caxinina  Hubrecht,  Voy.  Challenger,  vol.  xix.  p.  5. 

*'  Closely  allied  to  Carinella,  from  which  it  differs  in  the  presence 
of  a  distinct  posterior  brain  lobe,  situated  with  the  rest  of  the  brain 
and  nerve-stems  in  the  integument,  outside  of  the  body  musculature. 
A  ciliated  canal  penetrates  into  this  posterior  brain  lobe." 

Carinina  grata  Hubrecht,  op.  cit.,  pi.  i,  figs.  l-3;  plates  ir,  HI,  IV;  pi.  vi,  figs. 
1-3;  pi.  XI,  figs.  1,  2. 

This  species  is  known  only  from  two  alcoholic  specimens,  which 
were  very  fully  studied  anatomically. 

Off  the  East  Coast  of  the  U.  S.  States  in  1240  and  1340  fathoms. 

Tbans.  Cokn.  Acad.,  Vol.  VIII.  58  Dec,  1892. 
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Order    III,   BDELLOMORPH A. 

Body  short,  stout,  flattened,  and  leech-like  in  appearance,  with  a 
large  rounded  sucker  or  acetabulum  at  the  posterior  end,  as  in  the 
leeches.  Head  indistinct.  No  ocelli.  Anterior  end  emarginat^?, 
with  neither  lateral  slits  nor  grooves.  Mouth  at  the  bottom  of  the 
anterior  emargination. 

Proboscis  seldom  protruded  in  captivity,  small,  slender,  unarmed, 
but  with  a  small  special  bulb  and  sac  in  the  middle  region  ;  probos- 
cis-pore  close  to  the  mouth,  in  the  anterior  notch. 

Intestine  not  lobulated,  slender,  convoluted,  longer  than  the 
body  ;  anus  at  the  base  of  the  sucker.  Reproductive  organs  volum- 
inous, filling  the  larger  part  of  the  body.  A  median  dorsal  and  two 
lateral  blood-vessels,  with  numerous  branches. 

Muscular  walls  of  the  body  consist  of  an  external  circular,  and  an 
internal  longitudinal  layer.  Lateral  nerve-trunks  are  not  incladed 
in  the  muscular  layers  ;  they  are  united  by  a  posterior  commissure. 

This  singular  group  is  united  to  the  Enopla  by  some  writers, 
mainly  on  account  of  the  rudimentary  bulb  and  sac  in  the  proboscis, 
which  certainly  indicate  some  relationship.  The  simple,  convoluted 
intestine  and  other  peculiar  features  appear  to  me  of  ordinal  value. 

Family,  Malaoobdellid^  Semper. 
Characters  not  distinguishable  from  those  of  the  sub-order. 

Malacobdella  BlainviUe. 

Diet.  Sci.  Nat.,  vol.  xlvi,  p.  270 ;  Blandiard,   Ann.  des  sci.  oat.,  ser.   .3,  vol.  iv«  p. 
364, 1845 ;  op.  cit.,  viii,  p.  142,  1847  ;  op.  cit.,  vol.  xii,  pp.  267-276,  pi.  5,  1849,  anatomj. 
PhyUine  Oken,  1815,  {non  Abilg,  1790). 

This  is  the  only  genus  of  the  order  known.  Therefore  the  generic 
characters  are  not  distinguishable  from  those  of  the  order. 

Malacobdella  obesa  Verriii. 

Report  on  Invert,  of   Vineyard  Sound,  etc.,  pp.   458   [164]   and   625   [331],  pi. 
XVIII,  fig.  90,  1873. 

Wood-cut,  No.  9. 
Body  stout,  broad,  thick,  convex  above,  flat  below,  broadest  near 
the  posterior  end,  narrowing  somewhat  anteriorly  ;  the  front  end  is 
broadly  rounded,  with  a  median  vertical  slit,  in  which  the  mouth  is 
situated.  Acetabulum  large,  rounded,  about  as  broad  as  the  body. 
Intestine  convoluted  posteriorly,  visible  through   the  integument. 
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Between  the  intestine  and  lateral  margins,  especially  posteriorly,  the 
skin  is  covered  with  small  stellate  spots,  looking  like   openings, 
aroand  which  are  large  numbers  of  small  round  reproductive  vesi- 
cles.    Color  yellowish  while.     Length,  30  to  40""*;  breadth,  12  to 
15"". 
Whole  coast  of  New  England  ;  abundant  in  Massachusetts  Bay- 
Parasitic  in  the  branchial  cavity  of  the  long  clam  (My a  arenaria). 
This  species  is  closely  related  to  M.  groasa  of  Europe,  and  may 
prove  to  be  identical  with  it.     The  latter  occurs  mostly  in  Mya 
trunccUa  and  Cyprina  Islandica. 


Fig.  9.     Malacobdclla  obem,  dorsal  view,  nat.  size. 

Malacobdella  mercenaria  Yerriii. 

Malacobdella  grossa  Leidj,  Proc.  Acad.  Nat.  Sciences  Philad.,  vol.  v,  p.  209  (rum 

Blainville). 
McUacobdella  mercenaria  Verrill,  Report  on  Invert,  of  Vineyard  Sound,  etc.,  pp 

458  [164]  and  626  [331],  18t3. 

Plate  xxxix,  figure  20. 

Body,  in  extension,  elongated,  oblong,  with  nearly  parallel  sides, 
or  tapering  slightly  anteriorly ;  anterior  end  broad,  obtusely 
rounded,  emarginate  in  the  center,  but  not  deeply  fissured.  In  con- 
traction the  body  is  broader  posteriorly.  Dorsal  surface  a  little 
convex  ;  lower  side  flat.  Acetabulum  round,  rather  small,  about 
half  the  diameter  of  the  body  in  the  contracted  state,  but  nearly  as 
broad  when  the  body  is  fully  extended.  The  intestine  shows 
through  the  integument  distinctly  ;  it  is  slender,  and  makes  about 
seven  turns  or  folds.  Color  pale  yellow,  with  minute  white  specks 
beneath  and  on  the  upper  surface  anteriorly,  giving  it  a  hoaiy  ap- 
pearance ;  middle  of  the  dorsal  surface  irregularly  marked  with 
flake-white  ;  laterally  reticulated  with  fine  white  lines. 

Length  in  extension,  25"""  ;  breadth,  4"^^'  ;  in  partial  contraction, 

New  Haven,  parasitic  in  the  branchial  cavity  of  the  round  clam 
{Venus  mercenaria),  October,  1871.  Philadelphia,  in  the  same 
species  of  clam  (Leidy). 
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Addenda  to  the  Enopla. 

I  take  this  opportunity  to  describe  two  very  remarkable  new  forms* 
of  pelagic  nemerteans,  of  which  several  specimens  were  taken  by 
the  U.  S.  Fish  Commission  Steamer  Albatross,  in  the  region  of  the 
Gulf  Stream.  Whether  they  occurred  at  the  surface  or  near  the 
bottom  I  am  unable  to  say,  but  their  form  and  structure  is  eminently 
adapted  to  a  purely  pelagic  mode  of  life.  In  form  they  somewhat 
recall  Sagitta,  though  they  are  much  larger  and  stouter.  The  in- 
ternal structure  is,  however,  entirely  nemertean,  and  not  very  diflFer- 
ent  from  that  of  the  typical  Enopla.  In  that  group,  however,  they 
should  form  at  least  a  distinct  family  (NectonetnertidcB),  They  als4» 
have  some  affinity  with  Pelagonemertea^  but  differ  from  that  genus 
widely  in  form,  as  well  as  in  having  a  distinct  head  and  caudal  fin. 
lateral  cirriform  organs  in  one  species,  etc.  The  latter,  moreover, 
has  long,  much  subdivided  intestinal  diverticula,  which  is  not  the 
case  with  our  new  genera.  The  resemblance  in  the  structure  of  the 
muscular  walls  of  the  body  and  the  nervous  system  is  quite  marked. 

Several  forms  occur  among  the  few  specimens  of  Nectonemertid'f 
hitherto  obtained.  Some  of  them  are  entirely  destitute  of  the  lat- 
eral arms  or  cirri  of  the  neck,  which  in  others  are  large  and  long 
and  give  them  a  very  striking  appearance.  But  as  small  specimens 
of  Nectonemertes  occur  in  which  the  lateral  cirri  are  of  small  size, 
it  is  probable  that  they  would  be  entirely  absent  in  still  smaller 
specimens  of  that  genus.  In  the  second  genus  {Ilyalonemertt*) 
they  are  probably  never  developed. 

Although  I  have  prepared  many  microscopic  sections  of  two 
specimens  of  Nectonemertes  of  different  ages,  I  have  not  yet  had 
sufficient  opportunity  to  work  out  several  important  parts  of  their 
anatomy, — especially  the  structure  of  the  brain  and  certain  special 
organs  in  the  head,  supposed  to  be  sensory.  But  since  there  is,  at 
this  time,  no  opportunity  to  illustrate  the  details  of  the  anatomy, 
I  propose  to  describe  here  only  the  more  prominent  features,  reserv- 
ing details  for  another  occasion. 

Family,  Nectonemertid.«  Verrill. 

Body  with  highly  muscular  striated  walls,  adapted  for  swimming 
actively,  elongated,  more  or  less  flattened,  and  with  a  differentiated, 
muscular  caudal  fin  ;  the  dorsal  and  ventral  surfaces  are  similar. 

Proboscis  with  a  distinct  bulb  and  sac.  Mouth  far  forward,  close 
to  the  proboscis-pore.     Intestine  straight,  with  large  lateral  pouches. 
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which  are  often  bilobed  ;  anus  at  the  posterior  end  of  the  caudal  fin. 
Lateral  nerves  large,  not  included  in  the  muscular  walls  of  the 
body,  united  posteriorly.  A  median  dorsal,  and  two  lateral  blood- 
vessels are  well  developed. 

Muscular  walls  of  the  body  are  composed  mainly  of  a  thin,  outer, 
circular  layer  and  a  thicker  inner,  longitudinal  muscular  layer,  in 
which  the  fibers  are  arranged  in  distinct  bundles,  except  in  the  thin- 
ner marginal  regions.  A  pair  of  long,  muscular,  cirriform  appen- 
dages is  developed  from  the  sides  of  the  nuchal  region  in  one  genus. 


Nectonemertes,  jren.  no  v. 

Body  decidedly  flattened  and  with  thin  borders  along  the  sides ; 
caudal  fin  usually  broadest  at  the  end  and  sometimes  bilobed.  Head 
separated  from  the  body  by  a  more  or  less  distinct  neck-like  portion. 
Lateral  cirriform  appendages  project  from  the  neck  or  posterior  part 
of  the  head,  in  the  adult.  Mouth  near  the  front  of  the  head,  just 
below  the  terminal  proboscis-pore. 

Proboscis  long,  slender,  with  a  small  bulb  and  sac  ;  its  sheath  ex- 
tends nearly  to  the  posterior  end  of  body.  Lateral  lobes  of  the 
intestine  exist  nearly  to  the  end  of  the  intestine,  even  into  the  cau- 
dal fin. 

Special  sense  organs,*  imbedded  in  the  integument  of  the  lower 
side  of  the  head,  form  a  cluster  on  each  side,  their  ends  projecting 
as  small  papillse.  Eyes  of  the  ordinary  type  are,  apparently,  want- 
ing. Probably  the  species  are  transparent  in  life  and  swim  actively, 
like  Sagitta, 

Nectonemertes  mirabilis  Vernii,  sp.  nov. 

Plate  xxxviir,  pigure  1. 
Description  of  the  adtdt :  Size  large,  up  to  2  inches  or  more  in 
length.  Body  rather  elongated,  decidedly  flattened  and  with 
abruptly  thinner  marginal  regions,  smooth,  with  the  walls  somewhat 
translucent,  longitudinally  and  transversely  striated,  elastic  ;  in  the 
middle  region  of  the  body  the  sides  are  nearly  parallel ;  posteriorly 
it  narrows  rather  rapidly  to  the  base  of  the  tail,  and  at  this  place,  in 
some  examples,  the  thin  margin  of  the  body  forms  a  sort  of  fin  or 
thin  rounded  lobe  on  each  side. 


*The  precise  nature  of  these  organs  has  not  been  ascertained,  but  they  jire  prob- 
ably special  sense  organs. 
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The  tail  gradnally  thins  out  to  the  end  and  at  the  same  time  in- 
creases in  width  by  the  development  of  the  thin  marginal  regions, 
thus  forming  a  true  caudal  fin,  in  form  somewhat  like  that  of  a  fish. 
Its  posterior  margin  is  emarginate  in  the  largest  specimens,  with  a 
distinct  notch  in  the  middle,  where  the  anus  is  situated,  but  in  other 
specimens  it  is  truncate.  The  integument  of  the  tail  shows  strong 
longitudinal  muscular  fibers  toward  its  base,  while  the  edges  are  thin 
and  delicate. 

The  head  is  ovate  in  form,  narrowest,  but  obtuse,  in  front,  consid- 
erably flattened,  and  usually  separated  from  the  body  by  a  distinctly 
narrower  neck.  From  the  back  part  of  the  head,  or  commencement 
of  the  neck,  a  long,  tapering  cirrus  arises  on  each  side.  The  cirri 
have  a  thick,  roundish,  muscular  base  from  which  they  taper  gradu- 
ally to  the  long,  slender,  lash-like,  often  coiled  tip.  These  organs 
seem  to  be  mere  extensions  of  the  muscular  walls  of  the  body  and 
are  not  hollow. 

On  the  ventral  surface  of  the  head  and  occupying  a  lar^e  ovate 
patch  on  each  side,  there  is  a  group  of  small  acute  papilla?,  pro- 
jecting slightly  above  the  surface  ;  they  are  arranged  in  three  or 
four  irregular  rows,  and  are  connected  beneath  the  integument  with 
pyriform  organs  which  can  be  seen  by  transmitted  light  as  opaque 
yellowish  bodies. 

The  proboscis-sheath  is  well  developed  and  extends  back  nearly  to 
the  base  of  the  tail,  where  it  is  abruptly  narrowed  to  a  short  mascnlar 
band  that  joins  the  wall  of  the  body.  The  proboscis  is  long  and 
slender,  with  a  small  rounded  muscular  bulb*  and  a  small  saccalar 
organ,  much  as  in  ordinary  Enopla,  though  relatively  smaller. 
When  the  proboscis  is  partially  protruded,  as  is  the  case  in  one  ex- 
ample, it  is  somewhat  clavate  distally  and  is  covered  with  small 
papillie.  In  transverse  sections  its  structure  is  similar  to  that  of  the 
typical  Enopla;  its  internal  glandular  layer  is  thick. 

The  intestine  is  large  and  straight ;  its  lateral  pouches  are  large, 
not  much  elongated,  mostly  bilobed  distally,  those  in  the  tail  becom- 
ing small  and  simple.  The  generative  organs,  in  the  form  of  rather 
large,  round  or  ovate  vesicles,  occupy  the  lateral  and  ventral  regions 
of  the  body-cavity,  between  and  beyond  the  intestinal  pouches. 

In  transverse  sections  the  walls  of  the  body  are  rather  thin  ;  the 
outer  layer  of  circular  muscular  fibers  is  thinner  than   the   inner 


♦I  have  been  unable  to  find  any  ar/nature  in  the  only  specimen  hitherto  prepared 
for  thi»  purpose,  but  the  etylets,  if  they  existed,  may  have  been  destroyed  by  the 
acidity  of  the  alcohol  in  which  it  was  preserved. 
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layer,  which  is  made  up  of  longitudinal  fibers  arranged  in  bundles, 
so  that  its  inner  surface,  in  the  sections,  is  strongly  crenulated,  or 
deeply  furrowed ;  from  the  indentations  between  these  bundles  nu- 
merous strong  vertical  bands  of  muscular  fibers  extend  from  the  dor- 
sal to  the  ventral  body-walls,  between  the  internal  organs.  Toward 
the  margins  the  muscular  layers  thin  out  rather  abruptly,  leaving 
the  marginal  portions  thin  and  without  longitudinal  bundles.  The 
general  structure  of  the  interior  of  the  body-cavity  is  loose,  with 
many  spaces  in  the  porous  parenchyma,  which  is  feebly  developed, 
as  compared  with  that  of  other  nemerteans. 

The  lateral  nerve-trunks  are  very  large  and  quite  interior  to  the 
muscular  layers.  They  are  situated  ventrally,  some  distance  from 
the  edges,  and  near  the  commencement  of  the  thin-walled  marginal 
portion  of  the  body.  In  transverse  sections  they  are  elliptical  or 
roanded,  with  an  excentric  translucent  fibrous  core  along  the  dorsal 
side,  thus  giving  the  cellular  portion  a  thick-lunate  or  reniform  shape. 
The  lateral  nerves  are  large  and  conspicuous  even  back  to  the  caudal 
fin,  where  those  of  opposite  sides  unite. 

The  median  dorsal  blood-vessel  and  the  two  lateral  blood-vessels 
are  well  developed  and  situated  nearly  as  in  typical  Enopla.  The 
lateral  blood-vessels  are  subventral  and  only  a  short  distance  interior 
to  the  nerve-trunks. 

There  are  no  memoranda  as  to  the  color  of  the  living  specimens. 
All  had  been  placed  in  alcohol  when  first  seen  by  me.  One  that  had 
been  in  alcohol  only  a  short  time  was  distinctly  salmon,  or  pale 
orange,  in  tint ;  the  others  had  lost  all  color,  if  they  had  any  when 
living.  They  may  have  been  white  or  colorless,  and  were  doubtless 
translucent,  like  many  other  pelagic  creatures.  Even  in  alcohol 
some  of  them  show  considerable  translucency, — nearly  as  much  as 
the  larger  species  of  Sagitta, 

The  largest  specimens,  when  first  examined  by  me,  were  about  2*5 
inches  long  and  -50  wide  ;  subsequently  they  have  contracted  con- 
siderably by  long  preservation  in  strong  alcohol. 

The  largest  specimen  now  measures  as  follows  :  length  38™'"  ; 
breadth  of  body  9"°°^  ;  vertical  diameter  of  body  2'""  ;  length  of 
cirri  14'""  ;  length  of  head  4™'"  ;  breadth  of  head  6''""  ;  breadth 
of  caudal  fin  4°^'". 

Descriptions  of  immature  specimens :  A  specimen  from  station 
2076  is  smaller  and  more  slender  than  those  described  above.  It 
has  a  narrower  head  and  shows  scarcely  any  constriction  at  the  neck. 
The  caudal  fin  is  somewhat  elliptical,  being  widest  in  the  middle  and 
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truncate  at  the  end.  Otherwise  it  agrees  very  well  with  the  larger 
specimens.  The  cirri  are,  however,  relatively  shorter,  their  length 
being  scarcely  more  than  the  breadth  of  the  body,  but  they  taper  to 
slender  tips,  as  do  those  of  the  adults.  They  are  directed  back- 
ward. 

This  specimen  is  somewhat  translucent  in  alcohol  and  the  thin, 
marginal  bands  are  very  distinct  along  the  sides  of  the  body  and  Id 
the  tail  fin.  The  intestinal  pouches,  proboscis-sheath,  and  other  in- 
ternal organs  show  more  or  less  distinctly,  especially  posteriorly. 
In  the  head  there  are  about  20  sense  organs  (?)  in  each  lateral 
cluster. 

Length  SS"""  ;  breadth  of  body  S"""  ;  length  of  head  to  base  of 
cirri  4"™  ;  its  breadth  4™""  ;  length  of  cirri  5'"'". 

Perhaps  this  may  be  a  male  and  the  larger  and  flatter  specimens 
females. 

A  specimen  from  station  2229  agrees  in  most  respects  with  the 
fullgrown  ones  described  above,  except  that  it  is  smaller  and  h^ 
short  nuchal  cirri.  In  this  the  body  is  relatively  narrower  and  less 
flattened  than  in  the  larger  examples,  but  the  head,  caudal  fin,  and 
proboscis  are  nearly  as  described  and  figured.  The  nuchal  cirri  are, 
however,  short,  tapered,  blunt,  not  much  longer  than  half  tHe 
breadth  of  the  head,  and  stand  out  rather  rigidly  from  the  sides 
of  the  neck,  and  nearly  at  right  angles  with  it. 

This  specimen  is  about  30"'™  long  ;  7""'  broad  ;  caudal  fin  SS'^^ 
broad  ;  length  of  cirri  2°'"*.  It  has  been  treated  with  hardening 
reagents  for  sections,  and  is  therefore  strongly  contracted. 

A  single  specimen  was  taken  at  each  of  the  following  stations  bv 
the  steamer  Albatross  : 

Station  2036,  N.  lat.  38°  52'  40^  W.  long.  69*^  24'  40%  1735  fathom*. 
Adult. 

Station  2076,  N.  lat.  41°  13'  00%  W.  long.  66°  00'  50',  906  fathom*. 
Young  with  small  cirri. 

Station  2229,  N.  lat.  37°  38'  40%  W.  long.  73°  16'  30',  1423  fathoms. 
Young  with  small  cirri. 

Station  2236,  N.  lat.  39°  1 1'  00%  W.  long.  72°  08'  30%  636  fathoms. 
Adult. 

The  specimen  from  Station  2236  is  marked  as  having  been  taken 
in  the  trawl-wings.  Many  of  the  specimens  of  other  groups,  thus 
taken,  undoubtedly  came  from  near  the  bottom,  but  on  the  other 
hand,  it  is  easy  for  any  surface  species  to  be  taken  in  the  same  nets 
while  the  trawl  is  being  lowered  or  when  it  is  being  taken  in.     Con- 
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cerning  the  other  specimens  there  are  no  memoranda,  bat  from  their 
good  condition  it  is  more  probable  that  they  were  all  taken  in  the 
trawl- wings  than  in  the  trawl  itself. 

Hyalonemertes,  gen.  nov. 

Body  elongated,  fusiform,  somewhat  flattened,  having  no  evident 
constriction  at  the  neck,  nor  marked  marginal  folds,  except  in  the 
caudal  fin.  Cirri  wanting.  Head  not  differentiated  from  the  neck. 
Caudal  fin  well  developed. 

Proboscis  long  and  slender,  with  a  distinct  bulb  and  sac,  and, 
apparently,  having  a  small  central  stylet.  Lateral  poaches  of  the 
intestine  numerous,  short,  not  much  divided.  Walls  of  the  body 
thicker  and  more  gelatinous  than  in  NectonemerteSy  not  showing 
transverse  striations,  but  covered  with  fine  granulations  ;  inner  mus- 
cular layer  longitudinally  striated. 

Pyriform  bodies  not  present  in  the  head.  Eyes  apparently  want- 
ing.    Neither  ciliated  grooves  nor  pits  were  noticed  on  the  head. 

Hyalonemertes  Atlantica,  8p.  nov. 

Body  of  the  larger  specimen  moderately  flattened,  fusiform,  about 
four  times  longer  than  broad,  gradually  tapered  both  ways ;  head 
blant,  flattened ;  caudal  fin  short,  stout  at  base,  a  little  broader 
tovrard  the  end,  which  is  thin  and  slightly  emarginate.  Along  the 
sides  of  the  body  the  marginal  fold  is  very  narrow  and  indistinct, 
the  edges  being  rounded  ;  the  folds  become  more  evident  posteriorly 
and  form  the  borders  of  the  caudal  fin. 

The  integument  appears  somewhat  soft  and  gelatinous,  and  is 
more  translucent  than  in  NectonemerteSy  and  not  so  firm.  The  whole 
surface  is  covered  with  minute  soft  granules  hardly  visible  to  the 
naked  eye,  but  appearing,  when  magnified,  something  like  fine 
shagreen ;  beneath  the  surface  the  longitudinal  muscular  striations 
can  be  seen.  The  granulation  of  the  surface  is  finer  and  less  dis- 
tinct on  the  head.  The  proboscis  is  not  protuded  in  this  speci- 
men. The  small  mouth  is  just  below  the  end  of  the  snout;  near  the 
upper  margin  there  is  a  small  round  papilla. 

Length  of  the  larger  specimen,  from  Station  2724,  38"™;  breadth 
of  body  11"™;  breadth  of  caudal  fin  6"". 

Licngth  of  the  smaller  specimen,  from  Station  2428,  20"";  breadth 
3 '5™". 

The  smaller  specimen,  just  mentioned,  is  rather  more  slender  than 
the  larger  one  ;  its  caudal  fin  is  distinctly  bilobed,  with  the  lobes 

Tbanb.  Cokn.  Acad.  Vol.  VIII.  59  Dec,  1892. 
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well  rounded  at  the  end.  The  long  slender  proboscis  is  partiallj 
protradedy  so  as  to  show  the  bulb  and  sac  in  the  exserted  part,  bat 
not  at  the  end  ;  there  appears  to  be  a  small  stylet,  but  the  mounted 
specimen  is  not  sufficiently  transparent  to  show  its  form  ;  the  ex- 
terior of  the  exsert  proboscis  is  finely  papillose.  The  large  pro- 
boscis-sac extends  back  to  about  the  posterior  fourth  ;  it  is  abruptlv 
narrowed  near  the  posterior  end;  and  a  band  of  muscular  fibers  near 
the  end,  on  each  side,  binds  it  to  the  body  wall.  A  single  specimen 
was  taken  by  the  Albatross  at  each  of  the  following  stations  : 

Station  2428,  K  lat.  42°  48',  W.  long.  60**  66'  30',  in  826  fathoms. 
Young. 

Station  2724,  N.  lat,  36°  47',  W.  long.  73°  26'  00%  in  1641  fathomfi. 
Adult. 

EXPLANATION  OF    PLATES. 

Plate  XXXIII. 

Figure  1. — Amphiporus  angulatus.  Dorsal  view  with  the  proboscis  partiallj  pro- 
truded, natural  size;  lo^  the  same,  ventral  view  of  the  head  and  anterior  part 
of  the  body.     Eastport,  Me.,  low- water,  Aug.  7,  1872. 

Figure  2. — The  same.  Dorsal  view  of  a  specimen  of  the  reddish  brown  variety,  more 
enlarged.     Massachusetts  Bay. 

Figure  3. — Amphiporus  mvltisorus^  sp.  nov.  Dorsal  view  of  the  head  and  anterior 
portion  of  the  body ;    x  2.     Rastport,  Me. 

Figure  4. — Amphiporus  virescensV.  Dorsal  view;  x  3.  Noank,  Conn.,  July  24. 
1874;  4a,  the  same  specimen,  posterior  end,  more  enlarged ;  4&,  the  same,  ven- 
tral view  of  the  head,  more  enlarged ;  4c,  the  same,  dorsal  view,  more  enlarged : 
4d,  the  same,  head  with  the  slightly  protruded  proboscis ;  x  8  ;  4e,  the  same. 
nearly  profile  view  of  the  head  ;    x  8.    Wood's  Holl,  Mass..  July  13,  1875. 

Figure  5. — Amphiporus  ochraceus  V.  Dorsal  view;  x  4;  5a,  the  same,  oentnl 
stylet  of  the  proboscis,  much  enlarged.    Wood's  Holl. 

Figure  6. — The  same.  Head  and  anterior  portion  of  another  specimen  more  con- 
tracted ;    X  6.     Eel  Fond,  Wood's  Holl,  July  19,  1875. 

Figure  7. — Amphiporus  crutntatus  V.  Dorsal  view;  x  3.  Noank,  Conn..  July  11 
1874  (No.  740). 

Figure  8. — The  same.  Dorsal  view  of  a  larger  specimen ;  x  6  ;  8a,  head  of  the 
same  specimen,  more  enlarged.    Wood's  Holl. 

Figure  9. — Tetraatemma  candidum.     Dorsal  view  of  a  greenish  specimen ;    x  6. 

Figure  10.— The  same.  Dorsal  view  of  a  specimen  of  the  yellow  variety;  somewbtt 
compressed  under  the  microscope;  x  3,  low- water;  lOa,  the  same  spedmeo. 
showing  variation  in  the  form  of  the  head  owing  to  the  different  degree  of 
extension.    Casco  Bay,  low- water,  1873. 

Figure  11. — Tetrastemma  vermiculus,  ya,r.  Dorsal  view;  x  7;  Ha,  11  &,  other  views 
of  the  head  of  the  same  specimen  in  different  states  of  contraction ;  lie,  probos- 
cis-armature of  the  same,  much  enlarged.  Wood's  Holl,  on  piles  of  wharf,  Julj 
24,  1875. 

Figures  1,  2,  and  10  are  by  J.  H.  Emerton ;  figures  3,  4a  to  4«,  and  11  to  He,  are  bv 
the  author ;  the  rest  are  by  J.  H.  Blake.     All  are  from  living  specimens. 
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Plate  XXXIV. 

Figure  1. — Amphiporus  frontalis,  sp.  nov.  Dorsal  view;  x  2;  la,  the  same  apeci- 
men,  yentral  view  of  the  head.  (No.  10)  Eastport,  Me.,  86  fath.,  1870;  15,  the 
same,  dorsal  view  of  the  head  of  another  specimen.  This  was  pale  salmon  with 
pale  purplish  spots  on  the  sides  due  to  the  ovaries;  proboscis-sheath  greenish, 
(No.  86)  Eastport,  Me.,  low-water. 

Figure  2. — Amphiporus  coecus,  sp.  cov.  Dorsal  view ;  x  5 ;  2a,  26,  dorsal  and  ven- 
tral views  of  the  head  of  another  specimen  (No.  721);  2c,  extruded  proboscis  of 
the  same  specimen,  enlarged. 

Figures. — Amphipoi-us  bioculatus.  Dorsal  view;  x  5.  Off  Fisher's  I.,  Conn.,  July  22, 
1874.    The  ocelli  are  too  much  obscured  by  the  color  in  printing. 

Figure  4. — The  same.  Dorsal  view  of  a  younger  specimen  of  the  light  colored 
variety,  compressed  under  the  microscope;    x  10.     Newport,  R.  I. 

Figure  5. — Amphiporus  roseus.  Dorsal  view;  x  2;  5a,  the  same,  head  and  anterior 
portion  of  body,  dorsal  view ;    x  4  ;  56,  the  same,  side  view ;    x  4. 

Figure  6. — Amphiporus  tetrasoms,  sp.  nov.  Dorsal  view ;  x  3.  Massachusetts  Bay, 
1878. 

Figure  7. — Amphiporus  heteronorus,  sp.  nov.  Head  and  anterior  portion  of  body,  dor- 
sal view;    X  1^.     Massachusetts  Bay,  1878. 

Figure  B.— Amphiporus  frontalis,  sp.  nov.  Dorsal  view  of  a  small  specimen  partly 
contracted;    x  3.     Off  Witch  Rock,  Massachusetts  Bay,  September,  1877. 

Figure  9. — Amphiporus  mesosorus,  sp.  nov.  Head  and  anterior  portion  of  body,  dorsal 
view;    x  3.     Massachusetts  Bay,  off  Salem,  August  13,  1877. 

Figure  10. — letrastemma  degans  V.     Type  specimen  from  life.    Dorsal  view;    x  6. 

Figure  11. — Tetrastemma  venniadus.    Young,  dorsal  view;    x  12. 

Figure  12. — Tetrastemma  vermiculus,  var.  catenula.   Dorsal  view;    x  8.   Noank,  Conn. 

Figure  13. — Tetrastemma  dorsale.  Dorsal  view  of  head  and  anterior  portion  of  body 
with  protruded  proboscis ;    x  8.    Casco  Bay,  1873. 

Figure  14. — Tetrastemma  dorsale,  VAT.  tnarmoratum.  Dorsal  view;  x  3.  The  lighter 
and  darker  mottlings  are  not  sufficiently  distinct.     Casco  Bay. 

Figure  15. — Amphiporus bioculatus {^).  Very  young,  dorsal  view;  x  12;  compressed 
under  the  microscope,  while  alive.  Newport,  R.  1.,  September  I,  1880,  station 
651,  12^  fath.     Color  translucent  white  ;   eyes  black. 

Figure  16. — Amphiporus  (Nareda)  sup&rba.    Copy  of  the  original  figure. 

Figure  17. — Amphiporus  heterosorus,  sp.  nov.  Head  and  anterior  part  of  body,  dorsal 
view ;    x    2. 

Figures  2,  3,  10,  11  are  by  J.  H.  Blake;  figures  4,  8,  13,  16  are  by  J.  H.  Emerton ; 
the  rest,  except  16,  are  by  the  author.     All  are  from  living  specimens. 

Plate  XXXV. 

Figure  1. —  Cerebratulus  lacteus.  Young,  natural  size;  la,  the  same,  ventral  view  of 
head  and  extruded  proboscis,  natural  size.     New  Haven,  Conn. 

Figure  2. — EmplecUmema  giganteum  V.  Dorsal  view  of  a  specimen  not  full  grown ; 
i  natural  size. 

Figure  3. — Amphiporus  cruentatus  V.     Dorsal  view ;    x  4. 

Figure  4. — Amphiporus  agilis  V.     Dorsal  view ;    x  4. 

Figure  5. — Amphiporus  glutinosus  V.     Dorsal  view ;    x  2. 

Figure  6. —  Tetrastemma  vittatnm  V.  Dorsal  view;  x  8;  compressed  under  the 
microaoope,  while  living. 
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Figure  *l. — The  same.  Dorsal  view  of  the  variety  with  a  single  pale  dorsal  stripe: i . 
Figure  8. — Tetraatemma  vermiculus.  Dorsal  view ;  x  8.  Wood's  Holl,  Mass.,  low-wt>r 
Figure  d,—Teirastemma  candidum  (?).     Dorsal  view  of  a  very  young  spedmcn  Ly 

enlarged;  compressed  under  the  microscope,  while  living.     Newport.  E.  I.. -u 

851,  12ifath.,  September  1,  1880. 
Figure  10. — The  same.    Dorsal  view  of  a  somewhat  older  specimen.    Sarin  E»i 

Conn.,  October  18,  1887. 
Figure  11. —  Teirastemma  vermiculus,  var.  catenula;   x  2. 
Figures  1,  6,  8  are  by  J.  H.  Emerton;  figures  3,  11,  are  by  J.  H.  Blake;  the  rest  r- 

by  the  author.     All  are  from  living  specimens. 

Plate  XXXVI. 
Figure  1. — Micrura  afflnis.    Dorsal  view;    x  4.     Off  Martha's  Vineyard,  1887. 
Figure  2. — CerebrattUus  lacteus.    General  view  of  a  living  specimen  of  thept9\-- 

variety,  natural  size.    Wood's  HoU,  July  17,  1875. 
Figure  3. —  Cerebratulus  luridua  V.    Natural  size.     Noank,  Conn.,  Aug.  8,  1874 
Figpire  4. —  Gephalothrix  linearis.     General  view ;    x  8. 
Figure  6. — The  same.    Dorsal  view  of  the  head  and  anterior  portion  of  the  body  »:  i 

young  specimen,  much  enlarged.     Wood's  Holl,  Mass.,  August  19,  1881. 
Fig^ure  6. — Dinophilus  simplex,  sp.  nov.     Dorsal  view,  much  enlarged;  6a.  the »l^ 

ventral  view  of  head  and  mouth,  much  enlarged.     Newport,  R.  I. 
Figures  1,  2,  3  are  by  J.  H.  Blake;  4,  5,  6  are  by  J.  H.  Emerton.    Ail  are  from  ii.i-; 

specimens. 

Plate  XXXVII. 
Figure  1. —  Cerebratulus  lacteus.    Pale  variety,  |  natural  size;  la,  the  same,  sidebar 

of  head,  in  extension;  1&,  the  same,  ventral  view  of  head,  in  partial  coDtnctK- 
Figure  2. — Cerehraiulus  fuscus.    Dorsal  view  of  head  and  anterior  part  of  boij  ' 

moderate  extension ;  2a,  the  same  specimen  in  a  state  of  contraction ;  26,  V,  ^' 

tral  views  of  the  same  specimen  in  different  degrees  of  extension.    AUnatr. 

size. 
Figure  3. —  Cerebratulus  luridus.    Natural  size,  but  considerably  contracted  in  leact 
Figure  4. — Lineus  dubius.     Ventral  view ;    x  2 ;    4a,  dorsal  view  of  the  head  n:r» 

enlarged.    August  18,  1878. 
Fig^ure  6. — Lineus  viridis.    Green  variety,  natural  size ;    5a,  the  same,  side  view  : 

head,  natural  size ;  56,  the  same,  ventral  view  of  head,  more  enlarged.   \^' 

port,  Me.,  low- water. 
Figure  ^.—Micrura  affinis.    Enlarged  1^;  from  Kastport.  Me.;  6a,  the  8ame.postf^• 

end  of  another  specimen. 
Figure  7. — Micrura  inomataY.    Dorsal  view;    x  2.      Massachusetts  Bay,  sU-l- 

25  fath.,  1878. 
Figure  B.— Lineus  socialis.    General  view  of  the  light  green  variety;   x  2;  8d.  t. 

same,  side  view  of  head  and  anterior  part  of  body,  more  enlarged. 
Figure  9. — Lineus  pallidus.      Dorsal  view;    x  2;  9a,  the  same,  side  view  of  b«« 

more  enlarged.     Massachusetts  Bay. 
Figures  3,  5,  6,  9  are  by  J.  H.  Emerton ;  1  and  8  by  A.  H.  Verrill ;  the  rest  »rv  l- 

the  author.     All  are  from  living  specimens. 

Plate  XXXVIII. 
X  Figure  \.—Nectonemertes  mirabilis,  sp.  nov.    Dorsal  view  with  proboscis  pani* ' 

V  extended;    x  2.     Atlantic  Ocean,  sta.  2036,  1883. 
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Figure  2. — Cer^cUuhu  Leidyi  V.    Natural  sise;  2a,  the  same,  ventral  view  of  head. 

New  Haven,  Conn. 
Figure  3. — Micruru  rubra^  sp.  nov.     Peculiar  specimen,  probably  repairing  mutilation 

of  tail.    Side  view;    x  1|;  3a,  the  same,  ventral  view  of  head. 
Pigfure  4. — Micrura  dorscUiSy  sp.  nov.    Dorsal  view ;    x  1 1 ;  4a,  the  same,  ventral  view 

of  head,  more  enlarged.    Type  specimen.    Eastport,  Me. 
Figures. — Lineus  arenicola  Y ,     Dorsal  view  of  the  original  specimen;     x  1|;    5a, 

the  same,  ventral  view  of  head. 
Figure  6. — Lineus  viridis.    Red  variety,   dorsal  view;    x  1^;    6a,  the   same,   side 

view  of  head ;  66,  the  same,  dorsal  view  of  a  very  young  specimen  having  but 

four  eyes ;  6c,  the  same,  a  cluster  of  eggs,  f  natural  size ;  6(2,  the  same,  a  young 

specimen  just  hatched,  much  enlarged. 
Figure  1. ^Lineus  aocialis.    Young,  ventral  view,  natural  size;  7a,  the  same,  dorsal 

view  of  the  head  and  anterior  part  of  the  body,  eclarfj^ed.     August  12,  1880. 
Figure  8. — Lineus  bicolar.    Dorsal  view ;    x  6 ;   8a,  86,  the  same,  side  and  ventral 

views  of  head,  more  enlarged.     Wood's  HoU,  Mass.,  July  14, 1875. 
Figures  9,  ^a.— Micrura  rubra,  sp.  nov.     Front  and  side  views  of  the  head ;    x  3. 

Eastport,  Me. 
Fig^ures  10  and  10a. — Lineus  sanguineus.    Dorsal  and  ventral  views  of  the  head  and 

anterior  part  of  the  body ;    x  3. 
Figure  11. — Lineus,  sp.  (?)  Young,  dorsal  view,  much  enlarged;  11a,  another  view 

of  the  front  part  of  the  same  specimen.     Vineyard  Sound,  among  compound 

asddians,  1881. 
Figures  12,  12a. — Emplectonema  giganteum  V.    Dorsal  and  ventral  views  of  the  head 

of  the  original  type-specimen ;    x  2. 
Figures  1,  6,  7,  11  are  by  J.  H.  Emerton;  8  to  86  are  by  J.  H.  Blake;  2  by  A.  H. 

Verrill ;  the  rest  are  by  the  author.     All  are  from  living  specimens. 

Plate  XXXIX. 

Figures  1,  2,  3,  4. — Pilidium,  sp.  undetermined.  Different  views;  x  30.  Wood's 
Holl,  Mass.,  at  surface,  in  daytime,  August  18,  1881.  J.  H.  Emerton,  from 
nature. 

Figured. — The  same;  x  75;  a,  apical  cirrus ;  6,  apical  plate;  6'  nerve ;  w,  head  of 
developing  nemertean  with  two  eyes.    J.  H.  Emerton,  from  nature. 

Figure  6. — Pilidium,  undetermined,  sp.  with  golden  yellow  spots  around  the  margins  ; 
taken  with  the  preceding ;  a,  cluster  of  apical  cirri ;  b,  apical  plate  ;  &',  nerve ; 
c,  c',  anterior  and  posterior  lobes;  d,  d',  lateral  lobes;  e,  oesophagus;  h,  i',  de- 
veloping nemertean ;    x  75.    J.  H.  Emerton,  from  nature. 

Figure  7. — Amphiporus  lactijloreus.  End  of  protruded  proboscis,  much  enlarged; 
8,  central  stylet;  s',  lateral  stylets;  p,  posterior  region  of  proboscin;  rf,  bulbous 
region;  /,  saccular  organ;  7a,  one  of  the  lateral  stylet-sacs,  more  enlarged. 
After  Mcintosh. 

Figure  8. — Amphiporus  ochraceus  V.  Extruded  proboscis,  enlarged ;  a,  anterior  re- 
gion ;  Sj  middle  region  with  central  and  lateral  stylets ;  p,  posterior  region. 
Camera-lucida  drawing  by  the  author. 

Figure  9. — Amphiporus  bioculatus  (?).  Middle  portion  of  the  proboscis,  compressed 
under  the  microscope  and  much  enlarged;  p,  commencement  of  the  posterior 
region;  r,  muscular  bulb;  s,  central  stylet;  t,  one  of  the  lateral  stylet-sacs. 
Camera-lucida  drawing  by  the  author. 


456        A.  K  VerriU — Marine  Nemerteans  of  New  England, 

Figures  1  p,  11,  12.—  Cephdhthrix  linearis.  Different  stages  in  the  deTelopmeot  of  the 
larva,  much  enlarged ;  c,  large  cephalic  cilia;  a,  region  of  the  mouth;  &,}otei- 
cinal  area.     After  Mcintosh. 

Figure  13.— The  same,  farther  developed;  o,  ocelli,  ^  ganglions;  a,  mouth  area;  4 
opening  of  cephalic  ducts ;  m,  one  of  the  cephalic  sacs ;  t,  oesophagus ;  p,  pro- 
boscis ;  &,  intestine,  imperfeclly  developed.    After  Mcintosh. 

Figure  14. —  Cephalothrix  linearis.  Head,  much  enlarged,  and  seen  as  a  transpareDt 
object;  m,  mouth;  p,  proboscis;  p'^  rhynchodeum;  v,  proboscis-sheath:  ft. 
lateral  blood  vessel ;  ^,  superior,  g'^  inferior  ganglion  ;  n,  origin  of  lateral  nerve 
After  Mcintosh. 

Figure  15. — The  same.  Part  of  a  transverse  section  of  the  body- wall  adjacent  to  ooe 
of  the  lateral  nerves ;  c,  external  cuticle  layer ;  c%  basement  layer ;  t^  outer,  and 
f,  inner  circular  muscular  layers;  I,  longitudinal  muscular  layer;  n,  lateni 
nerve.    After  Hubrecht. 

Figure  16. —  Carinina  grata  H.  Section  of  a  part  of  the  body-wall  correspondiog  to 
that  in  the  preceding  figure  with  the  same  lettering.    After  Hubrecht. 

Figure  17. —  Cerebrattdus  meduUattts  Hubr.  Section  of  the  body- wall  in  the  region  of 
the  median  dorsal  line ;  lettering  the  same  as  in  the  two  preceding  figures,  witk 
the  following  additional  ones;  nd,  median  dorsal  nerve;  n,  nervous  plexus;  n, 
proboscis-nerve ;  /',  inner  longitudinal  muscular  layer.     After  Hubrecht 

Figure  18.— j^zneu^  viridis.  Transverse  section  through  the  middle  of  the  body. 
X  14;  j7,  proboscis ;  v,  proboscis-sheath;  &,  dorsal  blood  vessel ;  6^  one  of  th« 
lateral  blood  vessels ;  i,  cavity  of  intestine ;  c,  external  cuticular  layer;  <f,  base- 
ment layer  of  cuticle;  /,  outer,  and  V,  inner  longitudinal  muscular  layers;  t 
circular  muscular  layer ;  f,  transverse  muscular  bundles  arising  from  t;  n,  mt- 
vous  plexus ;  n^  lateral  nerve ;  ro,  reproductive  organs.   After  Mcintosh. 

Figure  Id.—  Cerebratuliis  lacteus.  Transverse  section  of  the  middle  region  of  the 
body;    x  8.     Lettering  the  same  as  in  figure  18.     From  nature  by  the  author. 

Figure  20. — The  same.  Transverse  section  in  the  region  of  the  oesophagus;  x  S. 
Lettering  the  same  as  in  figures  18  and  19,  with  the  following  additional :  t', 
plicated  wall  of  the  oesophagus;  n\  median  dorsal  nerve;  «,  «,  nephridia. 
From  nature,  by  the  author. 

Figure  21. — The  same.  Portion  of  the  same  section  shown  in  figure  20,  from  the 
region  of  the  lateral  nerve ;  x  36.  Letters  the  same  as  in  figures  18  aod  20. 
From  nature,  by  the  author. 

Figure  22. — Lhieus  viridis.  Head  and  anterior  part  of  body  viewed  as  a  transparent 
object;  o,  ocelli;  J\J\  lateral  cephalic  slits;  g,  superior  ganglion;  d,  interior  of 
olfactory  sac;  rf',  its  duct;  ?/,  lateral  nerve;  m,  mouth;  e,  oesophagus;  p,v^ 
boscis;  2)\  rhynchodeum;  v,  proboscis-sheath;  r^  r^  blood  lacunae  surroundiDg 
the  oesophagu.s.     After  Mcintosh. 

Figure  23. — Malacobdella  mercenaries.  Dorsal  view ;  x  4.  Newport,  K.  I.,  July, 
1880,  in  Venus  mercenaria.    J.  H.  Emerton  from  life. 

Figure  24. — Tetrastemrna  dorsale.  Central  stylet;  x  200;  24a,  one  of  the  lateral 
stylets;    x  350.     After  Mcintosh. 

Figure  25.— Tetrast^mma  candidum.     Central  stylet ;    x  150.     After  Mcintosh. 

ERRATUM. 

Page  384,  line  23,  for  NemertineOy  read  Nemeriina, 
Page  405,  line  31,  for  Candida^  read  candidum. 


XXIII.— DiNOPHiLiD^  OF  New  England.     By  A.  E.  Vebrill. 

No  representatives  of  this  group  have  hitherto  been  described 
from  this  coast,  so  far  as  I  am  aware.  Two  species  have  been 
known  to  me  for  several  years,  but  I  have  delayed  publishing 
descriptions  of  them,  hoping  to  be  able  to  obtain  additional  speci- 
mens in  order  to  make  the  figures  and  descriptions  more  complete. 
But  since  this  group  is  supposed  by  many  writers  to  be  related  to 
the  Nemerteans,  it  seems  to  me  desirable  that  our  species  should  be 
put  on  record  in  this  connection. 

Both  our  species  may  be  referred,  provisionally,  to  DinophiluSj 
though  they  differ  considerably  in  structure.  One  of  them  (2>.  sim- 
plex) may  not  be  a  true  Dinophilus, 

Family,  Dinophilid^  Graff. 
Dinophilus  pygmaeus,  sp.  nov. 

Wood-cut  10. 

Body  very  small,  translucent,  in  extension  long-ovate  or  nearly 
cylindrical,  capable  of  contracting  into  a  short-ovate  or  subglobular 
form,  composed  of  five  segments,  exclusive  of  the  head  and  tail ; 
the  posterior  segments  are  usually  the  largest.  Each  segment  is 
surrounded  near  its  middle  by  a  circle  of  rather  long  and  strong 
cilia.  The  head  is  usually  rounded  in  front,  often  nearly  semicircu- 
lar, and  has  a  tuft  or  fringe  of  strong  cilia  around  its  front  margin, 
and  two  transverse  lateral  tufts  which  are  parts  of  two  continuous 
preoral  bands,  one  before  and  one  behind  the  eyes.  The  eyes  are 
rather  wide  apart,  small,  reniform,  conspicuous. 

The  mouth  is  small  and  appears  to  be  bilobed.  The  pharynx  or 
oesophagus  is  short  and  swollen.  On  each  side  of  the  pharynx  there 
is  a  small  pharyngeal  gland.  The  stomach  is  large,  oblong-cylin- 
drical, and  occupies  about  three  body-segments  in  ordinary  extension  ; 
the  intestine  is  narrow  and  terminates  in  an  anal  opening  at  the 


Pig.  10. — Dinophilus  pyffmoBus^  dorsal  viow,  somewhat  compressed;    a,  mouth;  0, 
pharynx  and  phar3rngea1  glands ;  s,  stomach ;  t\  intestine. 
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base  of  the  caudal  segment,  which  is  small,  short-triangular,  and 
terminated  by  a  tuft  of  large  cilia.  In  the  posterior  part  of  the 
body  are  two  relatively  large,  ovate,  opaque,  reproductive  bodies, 
but  whether  they  were  ovaries  or  spermaries  I  did  not  ascertain,  w 
that  the  sex  of  the  specimen  described  and  figured  is  uncertain, 
but  it  is  probably  a  female.  Color  whitish.  Length  -7°*"  ;  breadth, 
as  compressed,  •16™". 

Taken  on  the  piles  of  a  wharf  at  Wood's  Holl,  Mass.,  Aug.  10, 1883. 

This  species  is  closely  allied  to  D,  gyrociliatuz  of  Europe.  The 
latter  has,  however,  six  post-oral  segments,  and  differs  also  in  the 
form  of  the  head,  pharynx,  and  stomach.  How  much  importance 
should  be  attached  to  these  differences  is  uncertain,  for  they  may  be 
due  largely  to  different  conditions  of  the  specimens  examined.  The 
two  may  eventually  prove  to  be  identical. 

Dinophilus  simplex,  sp.  nov. 

Plate  xxxti,  figures  6,  6a. 

Body  nearly  smooth,  distinctly  segmented,  in  extension  elongated 
and  more  or  less  cylindrical,  the  anterior  part  usually  broadest,  com- 
posed of  four  e.vident  segments,  exclusive  of  the  large  head  and 
abortive  tail.  Segments  well  defined,  but  without  any  conspicaoas 
bands  of  cilia.  Head-segment  large  and  long,  subtriangular  in  front 
and  often  pointed,  but  sometimes  rounded.  Eyes  nearly  lateral, 
small,  but  conspicuous.  Mouth  simple,  elongated,  situated  between, 
or  a  little  in  front  of  the  eyes.  Stomach  long  and  not  much  en- 
larged ;  intestine  nearly  as  wide  as  the  stomach,  terminating  in  a 
nearly  terminal  anal  pore.  The  tail  segment  appears  to  be  rudi- 
mentary or  abortive.  The  sex  was  not  ascertained.  Color  pale 
yellow.     Newport,  R.  I.,  Aug.,  1880. 

The  afilnities  .of  this  species  are  somewhat  uncertain.  The 
pharynx  and  stomach  differ  considerably  from  a  typical  Dinophilui 
Reproductive  organs  were  not  observed. 


XXTV. — Marine  Planarians  of  New  England. 
By  a.  E.  Verrill. 

Part  I. — Dendroccela, 

In  the  following  paper  I  have  brought  together  the  scattered 
notes,  descriptions,  and  sketches  of  our  native  marine  planarians 
made  by  me  during  more  than  twenty  seasons  spent  in  the  study  of 
oar  marine  invertebrates.  But  as  the  planarians  were  not,  at  any 
time,  a  subject  of  special  investigation  with  me,  my  observations 
and  descriptions  will  be  found,  in  some  instances,  incomplete  and  un- 
satisfactory. At  the  present  time  other  more  urgent  duties  prevent 
me  from  making  many  desirable  supplementary  investigations  of 
their  anatomy  by  means  of  prepared  sections.  Nevertheless,  I  trust 
that  this  article,  with  the  accompanying  figures,  will  prove  of  some 
value  as  an  introduction  to  the  study  of  our  native  species  of  this 
group,  which  has,  hitherto,  been  very  much  neglected  by  American 
naturalists. 

The  unsatisfactory  state  of  what  little  literature  there  is  in  exist- 
ence relating  to  our  species  may  be,  to  a  great  extent,  the  cause  of 
this  neglect.  I  have,  therefore,  endeavored  to  unravel  the  synon- 
ymy, so  far  as  it  is  possible  to  do  so  with  the  data  at  hand. 

The  drawings,  except  a  few  by  myself,  have  all  been  made  under 
my  direct  supervision,  partly  from  living  individuals  and  partly 
from  preserved  specimens  rendered  translucent  by  suitable  reagents* 
and  mounted  in  Canada  balsam.  Most  of  those  figures  (Plates  42 
and  43),  showing  details  of  anatomy,  and  many  of  the  general 
figures  were  drawn  by  my  son,  A.  H.  Verrill.  Some  of  the  general 
figures  from  life  were  drawn  by  J.  H.  Emerton  and  others  by  J.  H. 
Blake  for  the  U.  S.  Fish  Commiision.f 

As  a  general  rule  alcoholic  specimens  of  planarians  cannot  be 
identified  with  any  degree  of  certainty  unless  rendered  translucent 


•  In  most  cases  the  Bpectroens  have  been  transferred  from  strong  alcohol  to  a  mix- 
ture of  turpentine  and  carbolic  acid  (phenol)  which  renders  them  more  or  less  trans* 
luceot ;  they  are  then  mounted  in  balsam.  Various  staining  agents  and  other  reagents 
have  also  been  used  in  making  these  preparations. 

f  For  the  use  of  the  Fish  Commission  drawings  in  this  place  I  am  indebted  to  the 
liberalitj  of  the  late  Commissioner,  Professor  S.  F.  Baird,  this  article  having  been  in 
preparation  before  his  death. 

Trans   Comn.  Acad.  Vol.  VIII.  60  Deo.,  1892. 
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by  some  special  treatment,  such  as  that  mentioned  above.  When 
thus  treated  it  is  usually  possible  to  identify  most  of  the  larger 
dendrocoelous  planarians,  but  some  of  the  smaller  and  more  contrac- 
tile species  and  most  of  the  Rhabdoccela  cannot  be  determined  from 
alcoholic  specimens  unless  studied  in  thin  sections — a  method  requir- 
ing much  time  and  giving  rather  uncertain  results  for  specific  identi- 
fication. Such  species  should,  therefore,  be  studied  as  fully  as* 
possible  while  living,  and  preserved  by  special  methods  on  micro- 
scopic slides,  so  as  to  show  their  anatomy. 

I  have  recently  gone  over  the  collections  of  planarians  preserved 
in  the  Museum  of  Yale  University  and  those  contained  in  the  collec- 
tions made  by  the  U.  S.  Fish  Commission  during  many  years  and 
have  identified  most  of  the  larger  specimens.* 

The  planarians  (Turbellaria)  may  be  divided  into  three  orders, 
viz  : 

I.  Dendroocela.    In  these  the  stomach  has  more  or  less  numerous 

branches,  often  forked  or  arborescently  divided ;  the  body  is 
usually  rather  broad  and  flat.     Size  usually  large. 

II.  Acosla.     In  these  there  is  no  digestive  organ  distinct  from  the 

body-cavity.  The  mouth  opens  into  a  space  lined  with  the 
body-parenchyma,  and  without  any  definite  bounding  mem 
brane.     The  body  is  soft,  changeable,  usually  flat.     Size  small 

III.  Rhabdoccela.  In  these  the  stomach  is  unbranched,  and  usually 
more  or  less  cylindrical  in  form,  but  without  any  anal  pore. 
Form  of  body  various,  often  thick-ovate,  and  even  linear.  As  in 
the  preceding  groups,  the  species  are  nearly  all  hermaphrodite. 
The  reproductive  organs  are  very  complicated  and  vary  greatly 
in  structure  and  position  in  the  various  genera  and  families,  so 
that  they  afford  very  important  characters  for  classification. 
The  mouth  occupies  various  positions  :  anterior,  medial  ventral, 
posterior  ventral,  etc.     Size  very  small.    Fluviatile  and  marine. 

The  Dendroccela  are  divided  into  two  suborders,  viz  : 
I.  DiGONOPORA    or    PoLYCLADiDEA.      In    thcse   there   is    a    central 
stomach  from  which  several  main  branches  go  forth  on  each 


*In  this  article  all  specimens  recorded  as  collected  between  18T1  and  1887,  unless 
otherwise  stated,  were  collected  by  myself  and  others  of  the  U.  S.  Fish  Commission 
parties.  The  numbered  stations  recorded  are  those  of  the  U.  S.  Fish  Commission 
dredgings,  made,  for  the  most  part,  while  I  had  personal  charge  of  that  part  of  the 
work  of  the  Commission.  The  specimens  from  Eastport  and  the  Bay  of  Fundy,  prior 
to  1872,  and  those  recorded  from  Long  Island  Sound  were  mostly  collected  by  me  for 
the  museum  of  Yale  University. 
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Bide,  and  also  a  median  anterior  branch  ;  the  branches  sub- 
divide arborescently  and  usually  anastomose  distally.  Ovarian 
organs  all  similar  ;  no  distinct  vitellaria.  Male  and  female 
openings  generally  separate.  Marine. 
II.  MoNOGONOPORA  or  Tricladidka.  In  these  the  central  stomach 
is  small  and  divides  at  once  into  three  parts,  viz  :  a  median 
anterior,  and  a  pair  of  posterior  branches,  from  all  of  which 
simple  or  divided  lateral  branches  go  forth.  Germaria  distinct 
from  the  vitellaria.     Terrestrial,  fluviatile,  and  marine. 

DIGONOPORA  Stimpson;  POL  YCL  ABIDE  A  Lang. 

Digonopora  Stimp.,  Prodromus,  p.  1,  in  Proc.  Acad.  Nat.  Sciences  Philad.,  ix,  p. 
19,  1857. 

Body  generally  rather  large,  broad,  flat,  often  foliaceous  with 
thin  undulating  margins.  Very  changeable  in  form,  mouth  situated 
on  the  lower  side,  often  near  the  center,  sometimes  far  forward. 
Pharynx  sometimes  long,  tubular;  often  broad,  many  lobed  or  pli- 
cated ;  digestive  organ  has  a  distinct,  wide  central  portion  or 
stomach,  from  which  arise  more  or  less  numerous,  large  lateral 
branches  which  usually  fork  at  first,  or  subdivide  in  a  dendritic  man- 
ner, but  in  most  cases  anastomose  distally  and  form  a  reticulated 
network  ;  anterior  branch  of  the  stomach  situated  medially,  passing 
above  the  cerebral  ganglion,  which  is  bilobed. 

Ocelli  usually  small  and  numerous,  variously  arranged,  some  are 
generally  grouped  over  the  cerebral  ganglions.  Tentacles  sometimes 
present,  with  or  without  ocelli  ;  often  absent. 

Reproductive  organs  hermaphrodite.  Ovaries  and  testes  numer- 
ous, scattered  ;  the  ovigenous  and  vitelligenous  organs  not  separate. 
External  genital  openings  generally  two,  situated  behind  the  mouth, 
the  female  behind  the  male  ;  sometimes  there  are  two  female  open- 
ings, one  behind  the  other  ;  rarely  there  are  several  male  organs,  each 
with  a  separate  opening.     The  species  are  all  marine. 

Tribe,  Acotvlea  Lang. 

Acetabulum  wanting.  Pharynx  short  and  wide  ;  mouth  in  the 
middle  of  the  body,  or  a  little  forward  of,  or  behind  the  middle. 
Branches  of  the  stomach  ramose  or  reticulated.  Copulatory  organs 
situated  in  the  posterior  part  of  the  body.  Tentacles,  when  present, 
two  dorsal,  usually  having  ocelli  ;  often  wanting. 
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Family,  Planooebidjb  Lang. 

Notocerideas  Diesing,  Syst.  Helm.,  p.  215,  1850. 

Planoceridm  and  Stylochidce  Stimp.,  Prodromus,  pp.  4,  5,  in  Proc.  Acad.  Nat  Sci. 
Philad.,  vol.  ix,  pp.  22,  23,  1867. 

Two  dorsal  tentacles,  usually  containing  ocelli.  Mouth  situated  at 
or  near  the  middle  of  the  body.  Male  copulatory  organ  directed 
backward.  Marginal  ocelli  present  or  absent.  Cerebral  ocelli  gen- 
erally present. 

StylOChus  (Ehrenberg)  Lang  (restr.) 

Stylochus  (para)  and  Stylochopsis  Stimpson,  op.  cit,  p.  22  [8],  1867. 
Styhchtis  (pars)  Lang,  op.  cit,  p.  447. 

Body  very  changeable,  usually  ovate  or  elliptical  and  flat  in  full 
extension,  but  thicker  and  firmer  than  usual  in  this  group  when  con- 
tracted. Two  dorsal  tentacles,  each  containing  a  conspicuous  groap 
of  ocelli,  and  situated  rather  far  back  from  the  anterior  end  of  the 
body.  Other  groups  of  ocelli  are  situated  between,  or  in  front  of  the 
tentacles  over  the  cerebral  ganglions  and  frontal  nerves  ;  others  form 
submarginal  rows,  most  numerous  anteriorly.  The  pharnyx  is  fur- 
nished with  several  accessory  plicated  lobes  or  pouches.  Male  and 
female  genital  openings  are  situated  close  together  near  the  poste- 
rior end  of  the  body  and  in  the  typical  species  open  into  a  common 
external  pit  or  pore  ;  female  copulatory  pouch  apparently  wanting 
in  the  typical  species  ;  accessory  vesicle  or  spermatheca  absent  or 
small. 

The  following  species  are  referred  with  some  hesitation  to  this 
genus,  with  which  they  agree  well  in  external  characters.  They 
differ  from  the  figures  and  descriptions  given  by  Lang  of  the  Euro- 
pean species  in  the  structure  of  both  male  and  female  copulatory 
organs,  especially  in  having  two  distinct  genital  openings,  with  the 
female  duct  opening  backward.  I  have,  accordingly,  modified  the 
generic  characters  so  as  to  include  them.  But  when  their  anatomy 
becomes  better  known  it  may  be  found  that  they  belong  rather  with 
the  new  genus  Eustylochus,  described  below.  At  present  it  seems 
best  to  put  them  in  the  older  genus,  which  still  evidently  includes 
very  diverse  species. 

One  of  these  peculiar  forms  I  have  separated  (see  p.  466,  note) 
as  a  new  genus,  JSeterosti/lochics. 

The  anatomy  of  both  the  type-species  of  Stylochopsis  Stimp.,  is 
still  unknown.  There  is  nothing  in  the  original  diagnosis  of  that 
group  to  distinguish  it  from  Stylochus^  as  now  restricted. 
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Stylochus  zebra  Vernii. 

Styloehopsis  zebra  Verrill,  Amer.  Journ.  Sd.,  toI.  xxiv,  p.  371,   1882;    Annual 
Report  U.  8.  CJom.  of  Fish  and  Fisheries,  for  1882.  p.  666,  1884. 

Plate  xl,  figube  3 ;  Plate  xlii,  figures  2,  2a. 

Size  large.  Body  thick  and  firm,  when  active  oblong  or  long- 
elliptical,  usually  rounded  at  both  ends  ;  in  full  extension  often  five 
or  six  times  as  long  as  broad,  but  capable  of  contracting  to  a  broad 
oval  or  elliptical  form.  In  full  expansion  the  body  is  rather  thin, 
though  convex  dorsally,  but  is  nearly  opaque,  except  at  the  margins, 
which  are  translucent  and  often  more  or  less  undulated.  In  strong 
contraction  the  body  is  convex,  thick,  and  tirra.  Tentacles  situated 
not  far  from  the  anterior  end,  at  about  the  anterior  eighth  or  tenth, 
and  not  far  apart ;  they  are  short,  obtuse,  white,  filled  with  very 
numerous,  crowded,  minute,  black  ocelli.  Two  large,  rather  open, 
elongated  cerebral  clusters,  composed  of  numerous  very  minute 
ocelli,  are  situated  between  the  tentacles  and  extend  about  the  same 
distance  forward  and  back  of  them  ;  the  hind  ends  of  these  clus- 
ters are  widest  and  contain  the  greatest  number  of  crowded  ocelli  ; 
the  two  clusters  often  blend,  n^ore  or  less,  on  the  median  line,  and 
terminate  posteriorly  rather  abruptly.  In  some  specimens  these 
clusters  are  imperfectly  developed,  with  comparatively  few  ocelli ; 
in  others,  of  large  size,  additional  scattered  ocelli  occur  over  the 
whole  anterior  end,  between  the  cerebral  groups  and  the  marginal 
rows.  The  marginal  ocelli  are  minute  and  very  numerous  ;  around 
the  anterior  end  they  form  three  or  four  irregular  rows,  but  they 
extend  in  one  or  two  rows  to  the  posterior  end.  The  pharyx,  as 
contracted,  is  elongated  and  has  five  or  six  pairs  of  much  divided 
lobes  anteriorly,  and  three  or  four  pairs  of  successively  smaller  and 
simpler  lobes  along  the  sides  of  the  elongated  posterior  portion, 
which  ends  not  far  from  the  middle  of  the  body.  Mouth  anteriorly 
situated  about  opposite  the  third  pair  of  large  stomach-branches  and 
pharyngeal  lobes.  There  are,  evidently,  two  genital  pores,  only  a 
short  distance  .ipart  and  inconspicuous.*  The  vas  dejh-ens  extends 
forward  to  about  the  posterior  third  of  the  stomach  as  a  conspicuous 


*I  have  already  stated,  on  a  former  page,  that  tliis  is  not  n  typical  species  o { 
Styiochus,  as  that  genus  is  defined  by  Lang,  for  it  differs  considerably  from  all  the 
European  species  in  the  structure  of  the  copulatory  organs,  and  especially  in  having 
two  separate  genital  openings.  But  our  other  species  seem  to  agree  with  this  in  that 
respect.  It  might  be  regarded,  quite  as  well,  as  a  Planocera  with  marginal  ocelli 
and  numerous  tentacalar  ocelli. 
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convoluted,  opaque  white  organ,  on  each  side.  Shell  glands  show 
through  faintly  as  a  cloudy  cluster  of  grayish  white,  slender, 
branched,  radiating  tubes.  The  other  reproductive  organs  show 
only  obscurely  in  adult  living  specimens,  owing  to  the  opacity  and 
thickness  of  the  integument.  The  interior  throughout  most  of  the 
body  is  filled  with  great  numbers  of  ovarian  eggs. 

Color,  above,  yellowish  brown,  umber-brown,  or  chocolate-brown, 
crossed  by  numerous  yellowish  or  whitish  lines  and  stripes,  of  which 
there  are  sometimes  at  least  fifty,  while  many  other  similar  but  nar- 
rower and  shorter  stripes  run  in  from  the  margins,  between  the  main 
ones,  usually  narrowing  and  disappearing  before  reaching  the  middle 
of  the  body  ;  toward  the  ends  of  the  body  the  light  stripes  diverge 
more  and  more  till  those  of  opposite  sides  form  v-shaped  markings 
at  each  end,  with  a  small  median  white  stripe  at  the  extreme  end. 
Sometimes  the  light  stripes  become  wider  as  they  approach  the 
middle  of  the  back,  as  in  the  specimen  figured  on  Plate  xl,  tig.  3. 
Some  examples  show  an  ill-defined  median  pale  stripe  posteriorly. 
The  under  side  is  mostly  pale  buff,  except  close  to  the  margins, 
which  show  the  alternation  of  brown  and  white  stripes  by  tran>- 
lucency  ;  the  pharynx,  stomach  lobes,  and  va8  deferens  are  opaque 
white  in  life,  and  show  distinctly  on  the  ventral  side.  Described 
from  adult  living  examples. 

Length,  in  life,  30  to  40"'™  ;  breadth  10  to  12'"'"  or  more. 

Wood's  Holl,  Mass.,  on  piles,  and  on  the  shore  of  Great  Harbor  at 
low-water,  1882  ;  Vineyard  Sound,  off  Menemsha,  in  10  to  12 
fathoms,  September  6,  1886.  Several  fine  specimens  were  taken  on 
oyster  beds  in  Long  Island  Sound,  off  New  Haven,  by  Mr.  Gilbert 
.Van  Ingen,  October  29,  1892.  These  were  all  found  in  the  canaU  of 
dead  shells  of  Fidgur  that  were  occupied  by  hermit  crabs  {Eupafju- 
rus  poUicaris).  Some  of  those  previously  taken  in  Vineyard  Sound 
were  living  in  the  same  situation. 

Owing  to  the  density  of  the  pigment  and  the  opacity  of  the  X\^- 
sues,  I  have  not  been  able  to  make  out  satisfactorily  the  structure  of 
the  reproduction  organs  in  this  species,  without  sections,  for  which  I 
have  not  yet  had  sufficient  material  in  good  preservation.  There 
are,  apparently,  two  small  genital  pores  situated  a  short  distance  apart 
and  relatively  farther  forward  than  in  our  other  species  of  this  family. 

This  species  can  always  be  recognized  at  once  by  its  peculiar  and 
conspicuous  colors.  It  is,  also,  the  largest  planarian  commonly 
found  on  our  coast.  The  color  is  usually  recognizable,  even  in  alco- 
holic specimens,  as  well  as  in  those  mounted  in  balsam  as  translucent 
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objects.  From  our  other  species  of  the  family  it  also  differs  strongly 
in  the  more  anterior  position  of  the  month  and  stomach,  as  well  as  in 
the  arrangement  of  the  frontal  and  cerebral  ocelli. 

StylOChUS  frontalis  Verrill,  sp.  nov. 

Plate  xliv,  figure  1. 

Body  elliptical,  large,  about  one  inch  long  and  half  as  broad. 
Tentacles  small,  obtuse,  near  together,  well  forward,  nearly  sur- 
rounded at  the  base  with  a  ring  of  many  ocelli,  and  containing  very 
numerous,  small  black  ocelli,  arranged  in  two  groups,  one  on  the 
antero-lateral,  and  the  other  on  the  inner-lateral  surface.  Frontal, 
and  cerebral  ocelli  form  a  large,  median,  double  cluster  containing 
very  many  small  ocelli,  situated  before  and  between  the  bases  of  the 
tentacles  and  running  to  a  point  back  of  them,  so  as  to  form  a  me- 
dian triangular  patch,  and  extending  forward  in  the  form  of  a  fan, 
or  large  open  triangular  group,  fonned  by  the  nearly  complete 
blending  of  the  two  lateral  clusters,  and  becoming  more  widely  scat- 
tered toward  the  anterior  margin.  Marginal  ocelli  minute,  forming 
two  or  more  closely  crowded  rows,  close  to  the  •edge  and  most 
numerous  on  the  middle  part  of  the  anterior  border,  but  extending 
to  the  sides. 

Color,  above,  yellowish  gray,  mottled  with  yellowish  brown,  and 
marked  with  the  brighter  orange-colored,  repeatedly  forked  and 
branched  intestinal  branches,  which  show  best  toward  the  paler 
margins,  and  with  unequal,  rounded,  scattered  spots  of  dark  brown 
around  the  central  region.  The  pharynx  and  stomach  cause  a  cen- 
tral whitish  patch,  narrowing  backward  ;  behind  this  there  is  a 
small  pale  patch,  near  the  posterior  end,  caused  by  the  reproductive 
organs.     The  under  side  of  the  body  is  paler  than  the  upper. 

Length,  in  life,  about  25"""  ;  breadth  12"*™.     Described  from  life. 

One  living  specimen  was  taken  at  Provincetown,  Mass.,  from  the 
bottom  of  a  whaling  vessel  recently  returned  from  a  cruise  off  the 
Carolina  coast  in  1879.  Some  of  the  associated  species  were  of 
distinctly  southern  origin. 

The  reproductive  organs  were  not  well  seen,  owing  to  the  dark 
color  of  the  pigment.  There  appear  to  be  two  genital  openings, 
near  together.  The  mouth  is  in  advance  of  the  middle  of  the  body. 
The  pharynx  has  about  five  principal  branches  on  each  side,  decreas- 
ing backwards,  while  the  posterior  end  extends  some  distance 
beyond  the  last  branches.  The  branches  of  the  stomach  are  much 
divided  dichotomously,  but  do  not  seem  to  anastomose  to  any  great 
extent. 
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StylOChUS  CrasSUS  Veirill,  sp.  nov. 

Description  of  a  specimen  preserved  and  rendered  partiaUy  trans- 
lucent:— Body  large,  thick,  rounded,  nearly  as  broad  as  long.  Upper 
surface  covered  with  minute,  whitish,  conical  papillae,  barely  visible 
to  the  naked  eye.  Mouth  nearly  central.  Stomach  with  about  five 
or  six  main  lateral  branches,  which  have  very  numerous  divisions 
and  anastomose  freely  distally.  A  short  distance  behind  the  mouth 
there  is  a  rather  large  and  slightly  prominent  sucker-like  organ  or 
acetabulum. 

Ocelli  are  minute  and  very  numerous,  forming  two  large,  elongated, 
sub-parallel  groups,  broadest  posteriorly  and  tapering  anteriorly  ;  at 
its  posterior  end  each  group  expands  into  a  wide,  roundish,  rather  open 
cerebral  cluster,  which  is  connected  by  a  narrow  band  of  ocelli  with 
another  similar  roundish  cluster  a  little  farther  forward,  over  the 
anterior  part  of  the  brain,  beyond  which  the  groups  gradually  dimin- 
ish in  breadth  to  their  anterior  ends,  not  far  from  the  front  margin 
of  the  body.  At  about  the  anterior  fourth,  and  a  little  back  of  the 
posterior  part  of  the  cerebral  groups,  and  somewhat  farther  apart, 
are  two  low,  inconspicuous  prominences,  which  appear  to  be  the  re- 
tracted tentacles ;  each  of  these  contains  a  small  group  of  minute 
ocelli,  not  easily  distinguishable. 

Marginal  ocelli  are  minute  and  not  very  numerous,  forming  about 
two  rather  irregular  and  indistinct  rows  anteriorly,  but  the  margin  is 
somewhat  abraded  and  some  of  its  ocelli  may  have  been  destroyed. 

Most  of  the  interior  of  the  body  is  densely  filled  with  small  ova. 
The  density,  thickness,  and  opacity  of  the  tissues  render  the  study  of 
the  reproductive  organs  impossible,  except  by  sections,  for  which  my 
single  specimen  is  not  suitably  preserved. 

Color  of  the  preserved  specimen  dull  brown,  covered  above  with 
small  white  specks,  due  to  the  papilhe. 

Length  and  breadth  of  the  alcoholic  specimen  about  26™";  thick- 
ness 2  to  3'""'. 

Station  2732,  XJ.  S.  Fish  Cora,  steamer  Albatross,  Oct.  26,  1886, 
N.  lat.  37*  27';  W.  long.  73**  33',  in  1162  fathoms,  dark  green  mud. 

Only  one  specimen  was  taken.  It  is  remarkable  for  its  gre^t  size, 
thickness,  and  solidity.  I  refer  it  to  this  genus  only  provisionally, 
because  its  reproductive  organs  are  unknown.  I  detected  only  a 
single  genital  pore,  of  small  size,  near  the  posterior  end,  but  a  second 
may  exist,  for  the  specimen  is  broken  and  not  well  preserved  in  that 
region.  The  arrangement  of  the  ocelli  is  sufficient  to  distinguish  it 
from  all  other  American  species. 

It  is  possible  that  it  lives  at  the  surface  among  floating  algse,  and 
not  at  the  bottom. 
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SustylOChUS,  gen.  nov. 

Tentacles  with  ocelli  in  the  sides,  or  base,  or  both.  Cerebral  ocelli 
Tarioasly  arranged.  Marginal  ocelli  present.  Stomach  branches 
numerous  ;  distal  branches  anastomosed. 

Male  and  female  genital  pores  separate,  the  female  ducts  opening 
backward.  Seminal  vesicle  well  developed,  usually  distinctly  three- 
lobed,  the  middle  lobe  with  a  long  duct  leading  to  the  penis.  Penis- 
sbeath  short  and  thick  ;  penis  styliform  ;  granular  gland  not  prom- 
inent, closely  attached  to  the  penis-bulb,  often  indistinct. 

Female  orifice  not  far  back  of  the  male  organ  ;  it  connects  with 
the  vagina  and  with  a  long,  narrow  median  duct  which  starts  from 
the  orifice  and  runs  forward  to  or  near  the  gastric  region,  where  it 
connects  with  a  flask-shaped  vesicle,  which  is  probably  a  sperma- 
theca  or  seminal  receptacle.  The  vaginal  duct  expands  into  a  short, 
swollen  glandular  portion,  which  bends  upward  and  backward  upon 
itself,  and  receives  the  uterine  ducts. 

This  genus  agrees  externally  with  Stylochua,  but  its  reproductive 
organs  are  very  different  from  those  of  that  genus. 

The  only  European  species  which  is  described  as  having  a  similar 
spermatheca  and  median  duct  is  Stylochus  maculattis  Quatrefages,* 
but  that  differs  in  other  characters. 

EustylochUS  elliptiCUS  (Girard)  VerriU. 

Pfanocera  eUiptica  Girard,  Proc.  Boston  Soc  Nat:  Hist.,  vol.  iii,  p.  261,  1850  (de- 
scription very  brief  and  imperfect);  op.  cit.,  p.  348  (note  on  its  embryology). 
Embryonic  development  of  Planocera  eUiptica  in  Journal  Acad.  Nat.  Science  of 
Philadelphia,  vol.  ii,  p.  307,  sep.  copies,  pp.  7-27,  pi.  1-3,  1 864  (details  of  its  embry- 
ology, but  no  description  of  adult). 

Stimpson,  Prodromus,  in  Proc  Philad.  Acad.  Nat.  Sci.,  vol.  ix,  p.  25  [6],  1867. 

Lang,  Polycladen  des  Golfes  von  Neapel,  p.  463,  1884  (copy  of  Girard's  1860  brief 
description). 

Stylochopsis  littoralis  VerriU,  Report  on  Mar.  Invert,  of  Vineyard  Sd.,  etc.,  pp.  326 
[31],  632  [338],  pi.  19,  fig.  99,  1873. 

Stylochus  littoralis  Lang,  Polycladen  des  Golfes  von  Neapel,  p.  453,  1884  (copy  of 
description  in  work  last  cited). 

PLATB  XL,    FIGURE   2;    PLATE  XLI,    HOURES   1,  la;    PLATE   XLII,    FIGURES   1,  la. 

Body  flat  with  thin,  often  undulated,  and  very  flexible  margins  ; 
very  changeable  in  form,  usually,  when  creeping,  long-oval,  ellipti- 
cal, or  oblong;  in  extension  often  narrowed  anteriorly,  but  when  at 
rest  rounded  or  subtruncate  at  the  ends  ;  often  with  a  small  median 

•  This  species,  as  described  and  figured  by  Quatrefages,  differs  so  much  from  all 
related  forms,  that  It  should,  undoubtedly,  constitute  the  type  of  a  new  genus,  for 
which  I  propose  the  name  Heterostylochus.    Some  of  its  characters  are  as  follows : 

Tbans.  Conn.  Acad.,  Vol.  VIII.  61  Dec,   1892. 


468        A,  E,  Verrtltr— Marine  PtanaHans  of  New  England, 

posterior  lobe,  but  at  other  times  with  a  notch  in  the  middle  of  the 
posterior  margin ;  frequently  the  breadth  exceeds  the  length,  but 
more  commonly  it  is  less  than  half.  The  tentacles  are  small,  round, 
elongated  and  tapered  in  full  expansion,  often  obtuse  in  partial  re- 
traction, translucent  white,  each  containing  an  elongated,  crowded 
group,  extending  from  the  base  nearly  to  the  tips,  consisting  of  about 
twelve  to  twenty-five  small,  but  conspicuous,  black  ocelli.  The  ten- 
tacles are  situated  at  about  the  anterior  fourth  of  the  body,  and  are 
usually  separated  by  a  distance  equal  to  about  one-fourth  of  its 
breadth,  but  the  relative  positions  of  the  tentacles  change  according 
to  the  degree  of  extension.  Frontal  and  cerebral  ocelli  usually  about 
eight  to  twelve,  often  more  in  the  largest  specimens.  They  usually 
form  four  or  six  small  paired  groups ;  the  two  groups  most  in  ad- 
vance of  the  tentacles  and  situated  over  the  frontal  nerves  sometimes 
contain  three  or  four  ocelli  each,  but  more  commonly  only  two  ;  the 
next  pair  of  groups,  which  are  nearer  together  and  situated  between 
or  a  little  in  front  of  the  tentacles,  about  over  the  apex  of  the  cere- 
bral ganglions,  or  near  the  base  of  the  large  frontal  nerves,  usually 
contain  each  only  two  or  three  ocelli,  one  of  which  is  larger  than 
the  others,  but  in  some  adult  specimens  they  contain  four  or  five 
ocelli,  the  number  in  that  case  often  varying  in  the  right  and  left 
clusters  ;  a  little  farther  back  and  directly  over  each  gangloin  there 
are  often  one  or  two  pairs  of  ocelli ;  occasionally  there  are  others 
placed  singly  over  the  posterior  part  of  the  gangloins.  Young  ex- 
amples often  have  only  the  two  front  pairs  of  groups,  each  consist- 
ing of  two  ocelli.  Marginal  ocelli  numerous,  black,  easily  seen  with 
a  lens  ;  they  are  most  numerous  on  the  anterior  margin,  where  they 
are  arranged  mostly  in  two  or  three  or  more  irregular  rows  along 
the  pale  border  ;  they  extend  back  to  the  middle  of  the  sides  or  be- 
yond, gradually  decreasing  in  numbers  backward  ;  a  few  ocelli, 
which  are  usually  loosely  arranged  somewhat  in  radial  rows  over  the 

HeterotsylochuSj  gem.  nov. 

Tentacles  with  lateral  ocelli;  cerebral  ocelli  form  two  groups;  apparently  no 
marginal  ocelli.  Main  stomach-branches  few.  Gknital  openings  separate.  Vasn 
deferentia  large,  discharging  into  the  ejaculatory  duct;  seminal  vesicle  large,  rounded, 
sessile.  Muscular  penis-bulb  piriform.  A  long,  narrow,  median  duct  {voffina  Quatr.). 
runs  far  forward  from  the  female  orifice  and  expands  into  a  flaak-shaped  peminal 
receptacle  or  spermatheca  near  the  male  organs ;  a  swollen  egg-duct  also  connecU 
with  the  female  orifice. 

Type  H.  niaculatus  (Quatr.  sp.)  from  Saint  Malo,  under  stones.  (See  Ann.  des  sd. 
nat.,  iv,  p.  144,  pi.  iv,  figs.  3,  3a;  pi  vr,  fig.  2,  anatomy). 

Stylochoplana  manilafa  Lang,  op.  cit,  p.  459. 
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frontal  nerves,  anteriorly,  but  often  appear  irregularly  scattered, 
occur  farther  from  the  margin  than  the  main  rows. 

Mouth  submedian,  or  at  about  the  anterior  third.  Pharynx,  when 
everted,  short  and  broad,  with  numerous  short,  flattened  lobules.  The 
retracted  pharynx  has  about  six  or  seven  pairs  of  principal  lateral 
lobes  and  some  smaller  ones  anteriorly  and  posteriorly.  The  six  or 
seven  pairs  of  lateral  branches  of  the  stomach,  and  also  the  anterior 
and  posterior  ones,  have  many  dendritic  branches  at  first,  but  distally 
anastomose  freely  making  an  intricate  network. 

The  copulatory  organs  lie  in  an  elongated  whitish  spot,  close  to 
the  posterior  end.  The  most  anterior  part  of  this  spot  contains  an 
elongated,  swollen,  median  seminal  vesicle,  which  tapers  backward, 
and  has  two  lateral  lobes,  continuous  with  the  va^a  deferentia;  back 
of  this  the  small,  opaque  white,  elliptical  or  barrel-shaped  male  organ 
is  more  or  less  distinctly  visible  ;  the  penis  is  short,  straight,  tapered, 
and  appears  to  end  at  a  small  distinct  external  pore.  The  vaa 
deferens  extends  forward,  on  each  side,  to  the  middle  of,  or  some- 
times nearly  to  the  anterior  end  of  the  stomach,  in  the  form  of  a 
much  convoluted  opaque  white  organ,  often  distinctly  visible  from 
beneath,  through  the  integument,  even  with  the  naked  eye. 

Just  back  of  the  penis,  and  more  indistinct,  there  is  a  smaller, 
swollen,  short,  pear-shaped  female  copulatory  organ  (vagina  or  copu- 
latory pouch)  which  has  thick,  rather  opaque,  glandular  walls  ;  it  is 
surrounded  by,  and  connected  with  a  larger  translucent  organ  or 
cavity,  and  opens  externally  by  the  small  genital  pore  at  its  pos- 
terior apex.  The  glandular  part  of  the  vagina,  in  most  preserved 
examples,  appears  to  be  short,  ovate  or  pear-shaped  when  seen  from 
the  ventral  side,  but  its  front  end  bends  upward  and  then  backward 
on  itself,  the  dorsal  bend  being  of  nearly  the  same  shape  and  size  as 
the  ventral  part,  is  mostly  concealed  by  it ;  the  apex  of  the  dorsal 
fold,  in  the  largest  examples,  again  bends  forward,  so  that  the  entire 
organ  in  profile,  is  somewhat  S-shaped,  but  this  is  not  the  case  in  some 
of  the  smaller  specimens.  From  the  external  female  orifice  a  narrow 
but  very  definite  duct  runs  forward,  in  the  median  line  beyond  the 
penis  and  seminal  vesicle  to  the  gastric  region,  where  it  expands 
into  an  elongated  flask-shaped  vesicle,  which  lies  below  the  stomach.* 
This  appears  to  be  a  seminal  receptacle  or  spermatheca. 

♦  An  organ  preciaely  like  this  is  figured  by  Quatrefages  (op.  cit.,  pi.  vi,  fig.  2/),  as 
present  in  his  Stylochus  nutculatus  (Heterostylochus  maculatus  V.),  as  described  in 
note  on  page  466.  By  him  it  was  considered  a  copulatory  sac  or  seminal  receptacle, 
and  he  called  its  duct  the  vagina.    Others  have  doubted  whether  it  forms  part  of  the 
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Close  to  the  female  genital  orifice  there  is  a  miDute  pore,  from 
which  runs  forward  a  long  narrow  duct  (often  distinctly  stamed 
with  carmine  in  the  preparations).  This  appears  to  be  the  main 
nephridial  duct ;  it  was  traced  as  far  as  the  gastric  region. 

Color  pale  or  deep  yellowish  brown,  greenish  brown,  salmon, 
smoky  brown,  greenish  yellow,  etc.,  irregularly  radially  veined  or 
reticulated  with  a  pale,  translucent,  yellowish,  whitish,  or  salmon 
ground-color  and  usually  with  a  light  brown,  yellow,  or  whitish, 
irregular,  laterally  lobed  median  stripe,  most  distinct  posteriorly ;  a 
small  posterior  pale  spot ;  margins  pale.  In  some  examples  the  yel- 
lowish brown  color  appears  in  the  form  of  thickly  arranged,  irregu- 
lar, angular  spots  and  patches  on  a  pale  translucent  ground,  while 
the  stomach,  pharynx,  and  reproductive  organs  (vas  deferens)  cause 
an  elongated,  irregular,  lobulated,  whitish  median  patch,  more  dis- 
tinct on  the  under  side  ;  beneath  white,  pale  gray,  or  pale  flesh-color, 
or  salmon,  with  a  median,  elongated,  lobulated,  light  patch,  dae  to 
the  stomach  and  i^asa  deferentia. 

Length  of  adults  20  to  25°"  in  extension;  breadth,  about  6  to  10°°. 

New  Haven,  Conn.,  to  Casco  Bay,  Maine,  common  in  shallow 
water  and  between  tides,  under  stones,  and  in  tide-pools. 

Fort  Hale,  South  End,  and  Savin  Rock,  near  New  Haven  ;  Thim- 
ble Islands,  abundant;  Newport,  B.  I.,  on  piles  of  bridges  and 
wharves,  1880;  Wood's  Holl  and  Vineyard  Sd.,  Mass.,  common: 
Provinctown,  Mass.,  at  low- water  mark,  common,  Aug.,  1879  ;  Salem 
and  Gloucester,  Mass.,  on  piles,  1877, 1878.  Qnahog  Bay,  Maine,  at 
low-water,  1873;  Banks  of  Newfoundland  (?),  T.  M.  CoiBn.  A 
number  of  large  specimens  were  taken  by  Mr.  Gilbert  Van  Ingen, 
Oct.  29,  on  the  piles  of  the  railroad  bridge  across  West  River,  near 
New  Haven,  where  the  water  is  distin.ctly  brackish.  Each  one  was 
inside  the  shell  of  a  recently  killed  barnacle  (J3alanus  ebumeua)  and 
was  evidently  feeding  upon  its  flesh.  The  barnacles  may,  however^ 
have  been  killed  by  some  other  agency. 

A  specimen  taken  at  Savin  Rock,  near  New  Haven,  laid  its  e^p 
on  July  12th  in  large  clusters  placed  close  together  on  the  inside  of 
a  glass  bottle.     The  eggs  themselves  were  very  small  and  white. 

This  is  decidedly  the  most  common  species  of  the  larger  planarian> 
found  on  the  shores  of  New  England,  especially  south  of  Massachu- 
setts Bay.     I  have  not  obtained  it  during  many  seasons  of  collecting 


reproductive  system.  In  our  species  its  connection  with  the  orifice  that  1  take  to  be 
the  female  genital  pore  is  very  obvious  in  some  prepared  specimens,  in  which  the 
duct  has  taken  a  deeper  stain  than  the  surrounding  parts. 
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at  Eastport,  Me.,  nor  elsewhere  in  the  Bay  of  Fundy.  Therefore 
the  specimen  received  from  Capt.  Coffin  marked  as  from  the  New- 
foundland Banks  may  be  regarded  as  doubtful,  as  to  locality. 

I  have  referred  this  species  to  the  Planocera  eUiptica  of  Girard 
with  much  hesitation,  for  Dr.  Girard  did  not  publish  any  description 
of  his  species  by  which  it  could  be  identified.  He  did  not  even 
mention  the  arrangement  of  the  ocelli  in  either  of  his  papers,  but 
said,  incidentally,  that  he  understood  the  genus  Planocera  as  in- 
cluding Stylochus,  Hence  it  may  be  inferred  that  his  species  had 
ocelli  in  the  tentacles,  but  not  necessarily  marginal  ocelli.  My  prin- 
cipal reason  for  uniting  S,  littoralis  with  his  species  is  because 
it  has  proved,  in  my  experience,  to  be  the  common  shore  species  in 
the  region  of  Massachusetts  Bay,  where  Girard  obtained  his  speci- 
mens. Nor  have  I  found  in  that  district  any  other  species  which 
could  be  referred  to  his  species  with  any  degree  of  probability  what- 
ever. As  Dr.  Girard  published  an  important  paper  on  the  embry- 
ology of  his  species,  it  is  very  desirable  to  retain  his  specific  name, 
if  it  can  be  located  with  any  considerable  degree  of  certainty. 

Planocera  Blainv.,  1828  (emend.) 
Ptonoccra  Stimpson,  Prodromus,  p.  5,  1857  (emend.) 
Lang,  Poljcladen,  p.  434,  1884  (emend.) 

Body  oval  or  elliptical  and  rather  flat  in  extension,  thickened  and 
convex  when  contracted.  Tentacles  slender,  tapered,  retractile,  situ- 
ated at  some  distance  from  the  anterior  end  of  the  body.  A  cluster 
of  ocelli  is  generally  situated  in  the  base  of  each  tentacle  ;  usually 
others  form  clusters  between  and  behind  the  tentacles  ;  marginal 
ocelli  wanting  in  the  typical  species,  sometimes  numerous.  Genital 
pores  separate,  but  near  together,  situated  a  short  distance  from  the 
posterior  end  of  the  body  ;  female  duct  is  short  U-shaped,  usually 
with  a  copulatory  pouch  and  accessory  vesicle  (spermatheca) ;  the 
vagina  opens  backward;  the  spermatheca  is  above  or  behind  the 
vagina. 

I  have  modified  the  generic  characters  so  as  to  include  species 
which,  like  the  following,  have  marginal  ocelli,  but  otherwise  agree 
nearly  with  the  typical  species.  For  this  group  I  propose,  however, 
to  establish  a  new  subgenus  : 

Subgenus,  Planoceropsis,  nov. 

Tentacles,  cerebral  ocelli,  pharynx,  and  stomach  as  in  typical 
Planocera;  marginal  ocelli  present.     Reproductive   organs  mostly 
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similar  to  those  of  typical  Planocera,  but  the  semiual  vesicle  is  free 
and  three-lobed,  with  the  central  lobe  elongated,  tapering  backward 
into  a  narrow  duct  that  joins  the  penis,  while  the  side  lobes  are  con- 
tinuous with  the  vasa  deferentia ;  the  penis-sheath  is  short,  thick, 
conical ;  the  penis  is  short,  styliforra.  Female  duct  runs  forward 
a  short  distance  from  the  opening  and  then  bends  upward  and  tarni^ 
back  on  itself,  forming  a  U-shaped  tube. 

Planocera  nebulosa  Girard. 

Pla7wcera  nebulosa  Girard,  Proceedings  Philadelphia  Academy  Natural  Sdenoea. 
for  1863,  vol.  vi,  p.  367,  1854 ;  VerriU,  Report  on  Invert,  of  Vineyard  Sd.,  etc^ 
in  Annual  Report  U.  S.  Com.  of  Fish  and  Fisheries  for  1871,  pp.  325  [31],  and 
632  [338],  pi  XIX,  %  100,  1873;  Lang,  Polycladen,  p.  463. 

Plate  xl,  pigueb  4;  Plate  xlii,  fiqure  3. 

Body  convex  above  and  rather  thick,  especially  in  contraction.  In 
usual  extension,  broad-elliptical  or  oblong,  but  capable  of  becoming 
long-elliptical  or  nearly  circular  ;  edges  sometimes  thin  and  undu- 
lated. Tentacles  rather  long,  slender,  tapered,  translucent  whitish, 
retractile,  situated  near  together  and  well  back  from  the  front  mar- 
gin ;  no  ocelli  in  the  distal  portion,  but  a  cluster  of  small  ocelli  is 
situated  in  the  base.  Jtfouth  and  stomach  nearly  central ;  the  phar- 
ynx and  stomach  have  four  or  five  main  lobes  on  each  side,  and  the 
mouth  is  a  little  behind  the  middle  of  the  stomach  ;  in  some  states  of 
expansion  the  anterior  and  posterior  lobes  are  somewhat  prolonged. 
The  bilobed  cerebral  ganglion  is  situated  between  or  a  little  before 
the  bases  of  the  tentacles.  No  ocelli  were  observed  in  the  deep 
colored  living  specimens,  above  described,  but  when  looked  for  in 
sections  they  are  found  to  be  numerous.  The  ocelli  in  the  bases  of 
the  tentacles  form  small  rounded  clusters,  more  easily  visible  from 
below  than  from  above.  Just  back  of  each  tentacle  and  a  little 
more  toward  the  median  line  there  is  a  larger  and  more  open  cluster 
of  ocelli;  in  the  cerebral  region  there  is  a  pair  of  small  incon- 
spicuous groups,  each  containing  about  two  or  three  ocelli,  while  a 
few  others  are  apparently  irregularly  scattered  between  and  in  front 
of  the  tentacles.  The  marginal  ocelli  are  also  minute  and  form  two 
or  three  rows,  some  of  which  extend  back  to  about  the  middle  of  the 
sides. 

Genital  orifices  two,  small,  near  together,  not  far  from  the  posterior 
margin. 

Color  somewhat  variable.  Our  specimens  were  usually  olive- 
green  with  the  paler  ground-color  showing  more  or  less  as  whitish  or 
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yellowish  lines  and  mottlings ;  median  dorsal  stripe  pale  or  greenish 
white ;  margin  whitish ;  sometimes  the  dark  color  is  in  the  form  of 
distinct  irregular  spots  or  blotches ;  ventral  surface  yellowish  green, 
with  the  pharynx  opaque  whitish. 

According  to  Girard  the  original  specimens  were  dark  gray,  on  a 
pale  ground,  and  the  median  stripe  was  reddish, — a  variation  similar 
to  that  common  in  Eustylochus  ellipticus. 
Length  20"" ;  breadth  10  to  12"",  in  extension. 
New  Haven,  Conn.,  1865,  1870,  1892;  Newport,  R.  1.,  1880; 
Wood's  Holl.;  Mass.,  under  stones  near  low-water  mark,  1886; 
Charleston,  S.  C.  (Girard.) 

On  the  southern  New  England  coast  this  species  is  not  common, — 
at  least  I  have  found  it  only  in  few  instances  and  in  small  numbers 
during  more  than  twenty  seasons  spent  in  collecting  marine  animals 
on  these  shores.     Most  of  the  specimens  are  immature. 

The  structure  of  the  internal  reproductive  organs  of  this  species, 
owing  to  its  opacity  and  dark  color,  were  not  well  made  out,  in  the 
adult  specimen  described  above.  Some  additional  observations  on 
a  smaller  and  somewhat  immature  specimen,  apparently  of  the  same 
species,  recently  obtained  living,  are  here  given. 

This  specimen  agrees  with  the  larger  and  more  characteristic  ones 
described  above  in  the  arrangement  of  the  ocelli,  which,  owing  to 
the  lighter  colors  of  the  integument,  could  be  made  out  in  the  living 
specimen,  though  they  are  minute.  The  tentacles,  however,  were 
relatively  smaller  than  in  the  larger  specimen  formerly  described. 
They  are  tapered,  acute,  translucent  whitish,  without  ocelli  except  in 
the  strictly  basal  part,  so  that  they  can  scarcely  be  seen  from 
above,  but  seen  from  beneath  they  form  a  small  round  group  ;  the 
clusters  behind  and  between  the  tentacles,  those  in  the  cerebral 
region,  and  the  marginal  ocelli  are  nearly  as  described  above, 
except  that  they  are  rather  less  numerous.  They  can  hardly  be 
seen  with  a  pocket  lens.  Scattered,  minute,  marginal  ocelli  ocixur 
even  at  the  posterior  margin.  The  color  is  light  olive-green,  irregu- 
larly radiated  and  reticulated  with  rather  faint,  greenish  white  lines  ; 
margins  and  tentacles  whitish  ;  a  median  streak  over  the  stomach 
and  a  small  elliptical  spot  close  to  the  posterior  end,  and  inclosing 
the  copulatory  organs,  are  greenish  white.  Lower  surface  pale,  the 
pharynx,  stomach,  and  vas  deferens  showing  through  as  more 
opaque  white  organs.  Mouth  central  ;  pharynx  with  about  six 
main  lobes  on  each  side. 
In  this  living  specimen  the  reproductive  organs  (PI.  xlii,  fig.  3) 
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conld  be  seen  indistinctly  when  it  was  compressed  under  the  micro- 
scope. There  are  apparently  two  small  genital  pores,  near  together, 
but  distinct,  as  in  E.  ellipticuSy  with  which  this  species  seems  to  agree 
nearly  in  the  structure  of  its  reproductive  organs.  The  convo- 
luted vas  deferens,  which  runs  up,  on  each  side,  to  about  opposite 
the  middle  of  the  stomach,  discharges  into  the  lateral  lobes  of  a 
relatively  large,  three-lobed,  or  somewhat  anchor-shaped,  seminal 
vesicle,  which  is  more  conspicuous  than  most  of  the  other  organs ; 
its  three  lobes  point  backward,  while  its  anterior  end  is  broadly 
rounded  ;  its  middle  lobe  is  longer  than  the  others,'  and  connects 
with  a  narrow  efferent  duct.  The  male  copulatory  organ  is  broad- 
elliptical,  terminating  in  a  conical  penis-sheath  and  a  small,  short, 
straight,  tapered  penis,  which  terminates  close  to  a  small  external 
pore.  The  larger  or  elliptical  part  of  the  male  organ  may  be,  at 
least  in  part,  a  "granular  gland,"  but  I  was  unable  to  clearly  dis- 
tinguish between  the  penis-bulb  and  the  glandular  organ.  The 
female  organs  consist  of  two  evident  parts  ;  the  more  anterior  por- 
tion is  a  small  elliptical  vesicle  (copulatory  pouch  ?) ;  with  a  posterior 
pore  ;  the  posterior  portion  is  a  narrower  and  more  tabular  organ, 
which  appears  to  be  a  simple  spermatheca.  This  specimen  is  not 
mature  sexually  and  the  female  organs  are  not  well  developed. 

I  have  referred  this,  with  considerable  doubt,  to  Girard's  specie?. 
for  the  description  of  the  latter  was  very  meagre,  and  there  is  con- 
siderable difference  in  color.  The  color,  however,  is  quite  variable 
in  this  group.  The  southern  form  may  prove  to  be  a  very  distinct 
species. 

The  generic  relations  of  this  species  are  somewhat  doubtful.  In 
general  structure,  and  especially  in  the  characters  of  its  tentacles 
and  dorsal  ocelli,  it  agrees  well  with  the  typical  species  of  Planocera^ 
but  the  latter  genus  is  described  by  Lang  and  others  as  destitute  of 
marginal  ocelli,  which  are  numerous  in  our  species.  In  the  struc- 
ture of  the  reproductive  organs  it  agrees  more  nearly  with  Piano- 
cera  than  with  Stylochus,  as  described  by  Lang. 

In  many  respects  the  reproductive  organs  are  like  those  of  Euity 
lochuSy  and  it  is  possible  that  its  affinities  may  be  even  gf eater  with 
that  genus  than  with  Planocera.  But  as  there  is  but  a  single  speci- 
men available  for  the  study  of  the  reproductive  organs,  and  that 
seems  to  be  immature,  I  am  unable  to  determine  some  of  the  details 
which  are  desirable  before  its  position  can  be  fully  established. 

The  presence  or  absence  of  marginal  ocelli  might  be  regarded  a« 
not  of  generic  importance.  In  that  case  the  present  species  might 
be  defined  as  a  Planocera  with  marginal  ocelli. 
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Imogine  Glrard,  1853. 
Tmogine  Stimpson,  Prodromus,  p.  [4]  22,  1857;  Lang,  Polydaden,  p.  445. 

Body  thin,  foliaceous.  Tentacles  with  a  single  rather  large  ocellus 
at  the  tip.  Anterior  border  furnished  with  marginal  ocelli.  Repro- 
ductive organs  unknown. 

Imogine  oculifera  Girard. 

Imagine  oculifera  Girard,  Proc.  Philad.  Acad.  Nat.  Sci.,  p.  367,  1853 ;  StimpsoD, 
Prodromus,  p.  [4]  22 ;  Lang,  op.  cit.,  p.  446. 

Plate  xl,  figube  1. 

The  only  specimen  that  I  have  seen  was  small  and  immature. 
The  reproductive  organs  were  not  developed.  The  body  of  this 
was  very  thin,  obovate,  with  a  broadly  rounded  anterior  and  a  nar- 
rowed posterior  end,  when  creeping.  The  tentacles  were  distant 
from  the  front  margin,  clavate,  each  with  a  very  distinct  ocellus 
in  the  rounded  tip.  The  ocelli  formed  two  linear  divergent  groups 
of  about  ten  each,  commencing  between  or  a  little  behind  the  ten- 
tacles and  extending  much  beyond  them  anteriorly.  The  pharynx 
and  stomach  were  not  well  defined,  but  the  stomach  appeared  to 
have  rather  numerous  (at  least  seven  or  eight)  main  lateral  branches, 
which  were  much  divided  distally,  and  appeared  to  branch  dichoto- 
mously. 

The  color,  to  the  naked  eye,  appears  bright  red  with  pale  margins; 
when  much  enlarged  the  bright  carmine  red  is  seen  to  form  irreg- 
ular radiating  and  branched  lines,  corresponding  to  the  branches  of 
the  stomach,  while  the  narrow  intervening  spaces,  the  gastric  region, 
the  cerebral  area,  the  tentacles,  and  the  margins  are  translucent 
whitish.  The  margin  is,  however,  covered  with  small  pale  yellow 
spots. 

Length  of  the  young  specimen  described  and  figured,  in  life, 
4-5"";  greatest  breadth  1-6™*".  According  to  Girard,  this  species 
becomes  1*5  inches  long;  '5  wide. 

Buzzard^s  Bay,  at  Quisset  Harbor,  in  4  or  5  fathoms,  on  sandy 
bottom,  Sept.  4,  1882.     Charleston,  S.  C.  (Girard). 

Family,  Leptoplanid^  Stimp.,  1857. 

Body  broad,  flat,  usually  thin  or  foliaceous.  Tentacles  none. 
Mouth  ventral,  near  the  center  of  the  body.  Pharynx  large,  lobed 
or  plicated.  The  main  lateral  branches  of  the  stomach  vary  in 
number  ;  the  distal  branches  often  anastomose  freely.     Ocelli  nu- 

Tbans.  Conn.  Acad.,  Vol.  Vlir.  62  Dkc,  1892. 
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merouB,  usually  forming  four  groups,  two  of  which  are  cerebral,  and 
two  dorsal  in  the  position  of  the  tentacles  of  Planoceridcs.  Mar- 
ginal ocelli  sometimes  present,  often  wanting  or  indistinct.  The 
copulatory  organs  are  situated  behind  the  mouth  and  more  or  less 
distant  from  the  posterior  end  of  the  body.  The  male  organ  is 
directed  backward.  Male  and  female  genital  pores  are  usually  cod- 
siderably  separated,  but  sometimes  have  a  common  external  opening. 
In  some  genera  a  second  female  orifice  is  situated  behind  the  ordin- 
ary one.     No  marked  metamorphosis. 

The  species  and  genera  of  this  family  are  not  easy  to  distinguish 
without  a  careful  study,  both  of  the  living  and  prepared  specimens. 
The  majority  of  the  species,  while  living,  closely  resemble  each 
other  in  form,  color,  habits,  etc.,  although  the  internal  organs  may 
show  great  diversities  in  arrangement  and  structure.  Unfortunateiy 
it  is  generally  difficult,  if  not  impossible,  to  make  out  much  of  the 
internal  anatomy  while  the  animals  are  alive,  owing  to  the  thickness, 
density,  and  impei-fect  translucency  of  the  tissues  ;  the  presenct?  of 
large  quantities  of  ova  ;  the  frequently  deep  colors,  etc.  On  this 
account  the  species,  as  collected,  are  frequently  confounded,  and  the 
rarer  species,  being  mistaken  for  common  ones,  are  often  overlooked. 
The  only  sure  way,  therefore,  is  to  save  all  the  specimens  seen. 

Even  the  arrangement  of  the  ocelli  is  apt  to  be  deceptive,  for 
many  very  diverse  species  have  the  ocelli  arranged  in  almost  exactly 
the  same  way.  Moreover  the  number  of  ocelli  and  the  forms  of  the 
clusters  in  each  species  vary  widely,  according  to  the  age  of  the  in- 
dividuals; and  the  form  and  relative  positions  of  the  clusters  of 
ocelli  change  greatly  according  to  the  states  of  contraction  and  ex- 
pansion. In  life,  part  of  the  ocelli  are  apt  to  be  overlooked  on  ac- 
count of  their  being  more  or  less  deeply  imbedded  in  the  integument, 
and  perhaps,  also,  partly  concealed  by  pigment,  as  well  as  because 
of  their  very  small  size  in  some  species.  The  marginal  ocelli,  espe- 
cially, are  liable  to  be  overlooked  in  several  species,  owing  to  their 
minuteness.  I  have  found  it  impossible  to  see  the  marginal  ocelli 
with  the  best  of  simple  lenses,  in  some  of  our  species,  while  they 
were  alive,  but  could  see  them  easily  when  the  same  specimens  were 
properly  preserved  and  mounted. 

The  form  is  continually  changing  in  life,  and  preserved  specimens 
are  apt  to  contract  in  all  sorts  of  shapes,  unless  care  be  taken  to  con- 
fine them  between  glasses  before  killing. 

The  colors  of  each  species,  in  life,  are  usually  variable  througb  a 
wide  range  of  tints,  and  the  special  color-markings,  when  due  to  the 
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branches  of  the  stomach,  or  to  the  reproductive  organs,  vary  accord- 
ing to  the  kind  and  quantity  of  food,  the  season  of  the  year,  etc. 
H^nce  the  forms  and  colors  are  usually  of  secondary  importance 
in  distinguishing  the  species  and  genera. 

The  form  and  structure  of  the  reproductive  organs  are  here  of 
the  greatest  importance,  but  these  organs  can  usually  be  seen 
only  very  imperfectly,  if  at  all,  unless  the  specimens  are  preserved 
and  mounted  in  such  a  manner  as  to  render  them  transUicent.'*'  A 
few  species  are  sufficiently  translucent  while  living,  especially  when 
immature,  to  afford  a  fairly  good  view  of  their  internal  organs  when 
slightly  compressed  between  glass,  especially  immediately  after  they 
are  killed  with  some  agent  that  does  not  coagulate  the  fluids  of  their 
bodies.f  The  structure  of  the  pharynx  and  the  number  and  modes 
of  division  of  the  main  branches  of  the  stomach  afford  characters 
of  great  value  that  can  be  easily  observed. 

I  have  good  reasons  for  beliving  that  there  are  a  number  of 
species  of  this  group  living  on  our  coast,  that  are  not  included  in 
this  article.  This  is  doubtless  largely  due  to  lack  of  attention  to 
this  family  on  the  part  of  collectors,  myself  included,  owing  partly 
to  the  prevalent  impression  that  all  the  forms  are  members  of  one 
or  two  common  species.  I  have  observed  young  specimens  of 
several  kinds,  too  immature  to  describe  specifically,  that  are  evi- 
dently not  the  young  of  any  of  those  here  included. 

Leptoplana  (Bhrenberg)  Lang,  (restr.). 
Polycelis  (para)  Quatrf.,  Ann.  des  8ci.  nat.,  aer.  3,  vol.  iv,  p.  133,  1845;  Voyage 

en  Sicile,  ii,  p.  33,  35. 
Leptoplana  and  Elasmodes  (pars)  Stimp.,  Prodromus,  p.  3,  1857. 

Body  foliaceous,  usually  with  thin  undulated  margins,  usually 
elliptical  or  oblong,  changeable.  Ocelli  numerous,  forming  four 
groups  :  cerebral  and  dorsal.  The  anterior  or  cerebral  ones  are  sit- 
uated over  the  cerebral  ganglions,  the  dorsal  groups  occupy  the 
position  of  the  tentacles  found  in  Planoceridce.  No  marginal  ocelli. 
Pharynx  with  more  or  less  numerous  broad,  short  accessory  lobes. 

Genital  pores  rather  widely  separated,  the  male  pore  distant  from 
the  posterior  end  of  the  body.     Female  pore  opens  backward  and  is 

♦  It  must  be  noted  that  the  form  and  relative  positions  of  these  organs  are  more 
or  less  altered  by  all  modes  of  preservation,  owing  to  contraction  of  the  tissues. 

f  I  have  found  hydrogen  peroxid  an  excellent  reagent  for  this  purpose.  Nitric 
acid  often  does  very  well,  as  do  many  other  agents  in  common  use.  Alcohol,  corro- 
sive sublimate,  chromic  acid,  etc.,  render  the  tissues  more  opaque. 
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often  in  a  circular  pit ;  the  female  duct  is  usually  elongated  and 
forms  a  siphon-sbaped  organ,  the  longer  and  narrower  leg  of  the 
siphon  above  the  vagina,  and  extending  backward  into  a  more  or 
less  dilated  spermatheca ;  the  middle  portion  of  the  vagina*  'a 
thickened  and  receives,  on  each  side,  numerous  ducts  from  the 
shell-glands.  In  at  least  two  of  our  species  there  appears  to  be  a 
small  posterior  genital  pore  connected  with  the  spermatheca  by  a 
narrow  duct,  somewhat  as  in  Trigonoporus, 

A  large,  round  or  pyriform,  thick-walled  "granular  gland"  id  con- 
nected with  the  male  organ.  Seminal  vesicle  usually  well  developed. 
Penis  or  verge  often  long  and  cirriforra.  In  some  species  a  sacker 
exists  between  the  genital  pores. 

The  most  obvious  distinction  between  this  and  the  closely  allied 
genera  is  the  unusual  elongation  of  the  female  ducts  and  the  verge, 
and  the  consequent  wide  separation  of  the  genital  pores.  The  ab- 
sence of  marginal  ocelli  seems  to  be  constant. 

Leptoplana  virilis,  sp.  nov. 

Plate  xlcu,  figures  1,  la. 

Description  of  living  specimens : — Body  thin,  more  or  less  ellip- 
tical, changeable.  Ocelli  conspicuous,  black,  arranged  in  four  dis- 
tinct, rather  large  groups,  those  in  the  posterior  or  dorsal  groups 
largest ;  the  posterior  groups  are  short-oblong  or  somewhat  quadran- 
gular, divergent,  situated  near  the  ganglions,  and  have  each  about 
twelve  visible  ocelli ;  the  anterior  or  cerebral  groups  are  nearly  par- 
allel, elliptical  or  oblong,  a  little  nearer  together  than  the  othew, 
and  usually  commence  between  the  latter  and  extend  considerably 
farther  forward  over  the  ganglions  ;  they  consist  of  many  minute 
ocelli  and  each  has  a  single  distinct  ocellus,  larger  than  the  others, 
at  the  posteriory  and  another  at  the  anterior  end  of  the  group. 

Color  pale  brown  covered  with  darker  brown  specks  and  with 
poorly  defined  pale  blotches. 

Length  18'"™;  breadth  10"'"  in  extension. 

Description  of  a  specimen  mounted  in  balsam  : — This  specimen 
(pi.  xLiii,  figs.  1,  la)  shows  that  the  ocelli  are  somewhat  more  numer- 
ous than  described  above,  part  of  them  being  too  deeply  seated  to 

*  The  first,  or  thickened,  glandular  portion  of  the  duct  (t%  pi.  LXiii,  fig.  \a)  is 
usually  called  the  vagina^  but  it  may  not  be  the  oopulatory  duct,  at  least  in  such 
species  as  have  a  second  female  orifice  farther  back  leading  to  the  spermatheca.  as  in 
Trigonoporus.  The  latter  duct,  in  such  cases,  is  probably  the  true  copulatory  duct, 
the  other  serving  for  the  laying  of  the  eggs. 
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be  readily  seen  in  life  ;  the  anterior  clusters  are  shorter  than  in  life, 
owing  to  contraction.  The  retracted  pharynx  has  five  pairs  of  large 
lateral  lobes,  and  a  pair  of  smaller  ones  anteriorly.  The  mouth  is 
about  opposite  the  second  pair  of  large  lobes. 

The  greater  part  of  the  body  is  filled  with  small  rounded  ovarian 
folicles  (o,  o)  crowded  between  and  around  the  branches  of  the 
stomach.  A  still  larger  number  of  spermaries  (^,  ^),  of  smaller  size, 
are  arranged  around  and  between  the  ovaries.*  Only  a  part  of  them 
are  represented  in  the  figure. 

The  male  organs  of  copulation  are  larger  than  in  most  species  and 
rather  conspicuous.  The  muscular  penis-sheath  {q)  is  stout-cylindri- 
cal, or  slightly  clavate,  longer  than  broad.  Its  anterior  part  is  cov- 
ered by  a  nearly  globular  **  granular  gland  "  (A;)  with  thick,  dark 
colored  walls.  The  seminal  vesicle  (r)  in  a  ventral  view  appears 
like  a  rounded  cap  anterior  to,  and  above  the  granular  gland  ;  it  con- 
sists of  a  median  and  two  lateral  lobes.  The  penis  (/>)  is  long, 
slender,  and  somewhat  enlarged  at  the  end,  as  seen  in  this  example, 
in  which  it  is  retracted  and  probably  unnaturally  crooked  and 
twisted,  owing  to  the  mode  of  preservation. 

The  female  genital  pore  is  situated  at  the  bottom  of  a  large  and 
deep  funnel-shaped  pit  (perhaps  produced  by  contraction),  and  is 
situated  about  a  third  of  the  distance  from  the  male  pore  to  the  end 
of  the  body.  The  female  duct  (y,  w')  extends  forward  to  near  the 
male  pore  where  it  bends  upward  and  turns  abruptly  backward  on 
itself,  and  then  becoming  a  narrow  tube  (t?'),  runs  backward  con- 
siderably beyond  the  male  genital  pore  and  connects  with  a  rather 
large  and  nearly  round  spermatheca  or  receptaculum  seviinalis. 

This  organ  («,  s')  seems  to  consist  of  two  parts  or  compartments, 
for  in  some  specimens  there  can  be  seen  a  smaller  rounded  organ  («') 
overlapping  or  resting  upon  its  anterior  side  and  apparently  having 
its  cavity  continuous  with  the  other.  In  other  specimens  it  is  in 
front  of  the  main  vesicle  and  seems  joined  to  it  by  a  neck.  These 
parts  are,  however,  much  obscured  by  the  glandular  organs  of  the 
region,  the  stomach  branches,  and  other  organs.  The  first  or  ventral 
portion  of  the  female  duct  (v),  which  is  usually  considered  the 
vaginaf  or  bursa  copulatrix  is  rather  thick,  increasing  in  diam  eter 
to  the  anterior  bend,  and  it  receives,  on  each  side,  the  ducts  of  very 


*  This  preparation  has  been  stained  with  borax-carmine  and  with  picric  acid,  so 
that  the  organs  show  very  plainly.  Tlie  spermaries  are  dark  brown  and  the  ovaries 
bright  red.     Other  mounted  specimens  of  the  species  agree  well  with  this  one. 

f  See  note  under  the  genus,  p.  477. 
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numerous  '<  shell  glands "  {w)  which  radiate  outward  and  back- 
ward from  it.  The  outlines  and  connections  of  the  large  uterine 
sacs,  which  also  join  the  vagina,  cannot  be  distinctly  seen,  but  they 
lie  alongside  the  stomach,  and  are  filled  with  eggs.  The  vom  def- 
erens also  runs  up  along  each  side  of  the  stomach  as  a  convoluted 
tube. 

Off  Cape  Cod,  at  Station  307,  in  31  fathoms,  1879  ;  also  at  Sta- 
tion 747,  off  Nantucket  Shoals,  in  13^^  fathoms. 

Leptoplana  variabilis  (Girard)  Diesing. 

Polyscelis  variabilis  Girard,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  iii^  p.  251,  1850. 
Leptoplana  variaMlis  Diesing,  tlevision  Turbell.,  Sitz.  mathem-nat,  xUv,  p.  542. 
1861. 

Plate  xli,  piqurb  7 ;  Plate  xliii,  piourbs  2,  2a,  3,  3a,  36. 

Description  of  living  specimens: — Body  thin,  smooth,  oblong  or 
elliptical  in  extension,  with  the  edges  usually  much  undulated  ;  very 
active  and  changeable  in  form. 

Ocelli  black  and  conspicuous;  the  cerebral  clusters,  which  are  sit- 
uated over  and  in  front  of  the  ganglions,  are  decidedly  elongated, 
usually  fusiform  and  distinctly  widest  in  the  middle,  but  sometimes 
widest  at  the  front  end,  subparallel  or  more  or  less  divergent,  and 
changeable  in  position  according  to  the  extension  or  contraction  of 
the  tissues  about  them  ;  the  hind  end  often  extends  as  a  narrow  line 
or  single  row  of  ocelli  back  of  the  dorsal  groups  ;  the  cerebral 
clusters  may  contain  25  or  30  ocelli  each.  The  posterior  or  dorsal 
clusters  are  more  or  less  circular  or  oval,  each  containing  ten  to 
fifteen  rather  large,  conspicuous,  black  ocelli ;  a  few  of  those  in  front 
are  usually  larger  than  the  rest. 

Color  often  yellowish  brown,  becoming  paler  toward  the  translu- 
cent margins  and  darker  around  the  light  gastric  streak.  The  gan- 
glions and  nerves  are  not  red. 

Other  specimens  (as  No.  736)  are  light  salmon  or  light  yellowish 
brown,  thickly  spotted  with  darker  orange-brown,  and  with  an  inter- 
rupted pale  streak  over  the  stomach  and  reproductive  organs^ 

Length  of  the  larger  specimens  12  to  18™";  breadth  4  to  8"", 

Description  of  specimens  momited.  in  balsam : — The  tissues  are 
thin  and  fairly  translucent.  The  pharynx  has  a  large  anterior,  and 
a  small  short  posterior  lobe,  with  six  principal  lobes  on  each  side. 
The  mouth  is  nearly  in  the  middle  of  the  pharynx,  but  in  advance 
of  the  middle  of  the  body. 

In  the  larger  examples  (PI.  xliii,  figs.  3  to  3^)  the  greater  part  of 
the  body  is  filled  with  numerous  ovarian  and  spermary  vesicles,  the 
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latter  being  more  numerous  and  smaller  than  the  former,  and 
often  grouped  around  them  in  clusters.'*' 

The  male  genital  orifice  is  far  from  the  hind  end  of  the  body. 
The  granular  gland  {k)  is  nearly  round  and  prominent.  The  seminal 
vesicle  (r)  rests  against  the  anterior  side  of  the  granular  gland  and 
consists  of  a  central  and  two  lateral  parts,  partially  concealed  by  the 
granular  gland,  the  exposed  part  being  obovate  or  somewhat  pyri- 
form,  as  usually  seen  ;  the  lateral  portions  are  continuous  with  the 
vasa  deferetitia  (d).  The  penis-sheath  (q)  is  short,  stout,  somewhat 
conical ;  the  penis  itself,  or  verge,  (p)  is  very  long  and  slender, 
cirriform  or  hair-like,  apparently  somewhat  chitinous,  usually  more 
or  less  coiled,  often  exsert  in  the  preserved  specimens. 

The  female  genital  orifice  is  usually  surrounded  by  a  broad  circu- 
lar pit.  The  first  part  of  the  duct  (or  vagina,  v)  is  relatively  large 
and  long,  a  little  expanded  at  the  end,  narrowing  farther  forward 
and  bending  upward  and  backward  close  to  the  male  orifice,  where 
it  expands  into  a  small  ovate  vesicle,  from  which  it  extends  back- 
ward as  a  narrow  moniliform  tube  {v')  which  runs  back  beyond  the 
external  orifice  and  passes  into  the  elongated  cornucopia-shaped 
spermatheca  (s),  which  is  broad  at  the  anterior,  and  pointed  at  the 
posterior  end.  In  many  specimens  there  appeared  to  be  a  small  duct 
leading  from  the  posterior  end  of  the  spermatheca  to  a  minute  ex- 
ternal orifice  (.r),  but  this  is  uncertain,  for  it  may  be  the  nephridial 
duct. 

Vineyard  Sound  to  Eastport,  Me.,  low-water  mark  to  42  fathoms 
or  more.  Abundant  at  Gloucester,  Mass.,  on  the  shores,  under 
stoneSy  on  the  piles  of  wharves,  and  in  tide-pools,  especially  at  Ten 
Pound  Island,  1878.  Off  Cape  Ann,  Mass.,  station  156,  in  42 
fathoms,  maddy  bottom,  1878  (No.  20).  Casco  Bay,  Me.,  in  tide- 
pools,  1873  ;  Eastport,  Me.,  in  tide-pools  and  under  stones  at  low- 
water  mark,  1868,  1870,  1872.  Vineyard  Sound,  on  telegraph  cable, 
off  Cuttyhunk  Island. 

The  original  description  of  this  species  is  almost  useless  for  its 
identification.  It  is  as  follows  :  "  This  species  is  oblong-shaped, 
somewhat  lanceolated,  of  a  color  varying  from  a  light  greenish  yel- 

*  In  the  specimen  (No.  20)  illustrated  (figs.  3-36),  the  ovaries  are  colored  light  red, 
while  the  testes  are  colored  dark  red  by  the  staining  fluid  used  (alcoholic  borax-car - 
mine)  aad  are,  therefore,  easily  distinguishable.  In  order  to  prevent  confusion,  only 
a  part  of  these  organs  are  actually  figured.  The  uterine  sacs,  oviducts,  and  most  of 
the  large  sperm-ducts  are  also  omitted,  as  well  as  the  branches  of  the  stomach,  all 
of  which  can  be  seen,  more  or  less  distinctly,  in  the  preparation. 
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low  to  an  orange  red,  with  a  minute  punctulation  of  a  deeper  red. 
The  relative  position  of  the  eye-specks  is  subject  to  some  variation. 
I  have  found  it  in  Boston  and  Beverly  harbors,  always  in  deep 
water.  It  spawns  in  January  and  February.  Entire  length,  half  an 
inch." 

The  expression  "  deep-water "  at  the  time  the  above  was  written 
probably  meant  12  to  25 'fathoms  or  less. 

Although  I  have  dredged  extensively  in  the  same  waters  where 
Girard's  species  was  taken,  and  at  all  depths,  I  have  never  obtained 
any  planarian  that  could  be  referred  to  his  species  with  any  proba- 
bility of  correctness,  unless  it  be  the  species  described  above,  which 
is  a  common  one  in  Massachusetts  Bay.  There  is  nothing  in  Girard's 
description  of  specific  importance  except  the  color,  which  is  more  or 
less  variable  in  all  the  species  of  the  genus.  Other  species  of  Lep- 
toplanay  observed  by  me,  are  often  tinged  with  reddish,  or  pale 
orange,  but  seldom  so  decidedly  as  his  description  would  imply. 
Some  of  the  varieties  of  the  present  species  are,  however,  decidedly 
orange-red  and  have  darker  red  or  brown  spots,  nearly  as  stated  in 
Girard's  description.  This  fact,  and  the  correspondence  in  locality 
induce  me  to  adopt  his  name  for  this  common  species. 

That  his  species  was  a  Leptoplana  is  probable,  because  of  his  call- 
ing it  a  Polycelis,  which,  as  used  by  authors  at  that  time,  was  nearly 
equivalent  to  Leptoplana,  From  the  description  alone,  it  would,  of 
course,  be  impossible  to  tell  even  the  genus  to  which  his  species 
belongs,  for  no  indication  of  the  actual  arrangement  of  the  ocelli  is 
given. 

It  is  quite  possible  that  this  species  is  identical  with  L,  ellipsoidei 
Girard,  described  by  him  a  few  years  later  from  the  drawings  of  Dr. 
Stimpson.  The  latter,  as  it  exists  in  the  Bay  of  Fundy,  is  a  much 
larger  and  broader  form,  with  less  conspicuous  ocelli,  and  presents 
some  other  differences,  as  noted  below.  But  these  variations  may 
be  due  to  greater  age,  or  to  more  favorable  conditions  of  growth. 
My  specimens  are  not  sufficiently  numerous  to  enable  me  to  form  a 
complete  series  between  the  two  typical  forms.  They  are,  at  any 
rate,  very  closely  allied. 

Among  foreign  species,  the  nearest  relative  of  this  species  is,  per- 
haps, L,  Drohachiensia  (Oersted)  of  Greenland.  The  latter  has 
more  numerous  lobes  to  the  pharynx  and  stomach,  and  differs,  also, 
in  the  form  of  the  genital  organs. 
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Leptoplana  ellipsoides  Girard. 

Leptopkma  ellipaoides  Girard,  in  Stimpson,  Invert.  Grand  Manan,  p.  27,  pi.  2,  fig. 
16.  1853;  Diesing,  Revision  der  Turbellarien,  Abtheilung,  Sitz.  d.  mathem.- 
naturw.,  xliv,  p.  533,  1861 ;  Lang,  Poljdaden,  p.  512,  copy  of  original  descrip- 
tXou. 

Plate  xl,  figures  5,  6;   Plate  xliii,  figures  4,  4a,  45. 

Description  of  living  specimens : — Body  large,  flat,  rather  thin, 
usually  broad-ovate  or  broad-elliptical,  but  capable  of  becoming 
long-elliptical ;  the  edges  are  thin  and  frequently  strongly  undulated, 
and  are  capable  of  being  used  for  swimming  by  means  of  rapid  un- 
dulatory  motions. 

Ocelli  are  small,  black,  and  not  very  conspicuous ;  those  in  the 
dorsal  clusters  are  larger  than  those  in  the  cerebral  clusters.  The 
latter  are  relatively  rather  small,  somewhat  elongated  groups,  broad- 
est near  the  middle,  narrowing  to  a  point  anteriorly,  and  containing 
numerous  (often  30  to  40)  minute  crowded  ocelli.  They  are  situated 
a  little  forward  of  the  other  groups  in  usual  states  of  the  body, 
but  in  some  states  of  contraction  of  the  anterior  and  dorsal  region 
they  may  be  drawn  back,  so  as  to  lie  between,  or  even  behind,  the 
dorsal  groups.  The  dorsal  groups  are  usually  nearly  circular  and 
contain  numerous  (20  to  25)  ocelli  of  different  sizes,  some  of  which 
are  much  larger  than  the  rest. 

Color,  various  shades  of  dull  yellowish  brown,  greenish  brown,  and 
reddish  brown;  usually  more  or  less  distinctly  marked  with  irregular 
spots  or  blotches  of  darker  brown,  and  with  small  specks  of  whitish; 
a  lighter  colored  median  streak  runs  over  the  gastric  region,  and 
another  covers  the  genital  region  farther  back  ;  frequently  the  two 
streaks  are  united  into  a  continuous  median  streak  that  extends 
nearly  the  whole  length  of  the  body.  Under  surface  pale  grayish 
or  yellowish  white,  the  whiter  pharynx  and  vasa  deferentia  showing 
through  indistinctly. 

Length  of  large  specimens,  in  extension,  26  to  35°^";  breadth  12 
to  20°*'". 

Description  of  mounted  specimen's : — The  specimens  mounted  in 
balsam  are  not  sufficiently  translucent  to  show  distinctly  many  of 
the  internal  organs,  owing  in  part  to  their  large  size  and  the  great 
amount  of  pigment,  but  more  particularly  to  the  fact  that  the  body 
is  so  densely  filled  with  ovarian  and  spermarian  vesicles  that  the  other 
organs  are  obscured. 

Trahs.  Ck)NN.  Acad.,  Vol.  VIII.  63  January,  1893. 
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The  male  genital  organs  (PL  xliit,  figs.  4o,  4A)  are  close  to  ihe 
posterior  end  of  the  stomach;  there  is  a  conspicuous,  nearly  round, 
granular  gland  {k) ;  at  the  anterior  end  of  this,  and  partly  concealed 
by  it,  the  seminal  vesicle  (r)  can  be  seen ;  its  form  is  pyriform  or 
rounded  and  cap-like,  its  length,  as  exposed,  being  usually  greater 
than  its  breadth;  it  consists  of  a  central,  and  two  lateral  parts,  which 
are  dilations  of  the  vaa  deferens;  the  penis-sheath  is  stout-cylindrical 
or  somewhat  expanded  at  the  end;  the  penis  (p)  is  long  and  slender, 
cirriforra,  coiled  up  more  or  less  in  contraction;  the  external  open- 
ing is  often,  in  preserved  specimens,  raised  on  a  conical  elevation, 
and  sometimes  the  penis  sheath  is  protruded  as  a  clavate  papilla. 

The  female  genital  opening  is  usually  situated  in  a  broad  fannel- 
shaped  depression  of  the  surface  in  preserved  specimens  ;  from  thij 
opening  the  nearly  cylindrical,  thick-walled,  tubular  duct  or  vagina 
(d)  runs  forward  nearly  or  quite  to  the  male  orifice,  where  it  bends  up- 
ward and  then  turns  backward  upon  itself  in  the  shape  of  a  siphon ; 
at  the  bend  it  expands  somewhat,  into  a  small  vesicle  ;  but  its  distal 
or  dorsal  portion  is  a  narrow,  somewhat  moniliform  tube  (r'),  there 
being  a  series  of  slight  constrictions  along  most  of  its  length ;  it 
extends  back  beyond  the  external  female  orifice  into  a  rather  large, 
elongated,  somewhat  flask-shaped,  thick-walled  spermatheca  («).  The 
first  or  ventral  portion  of  the  female  duct  (vagina,  v)  receives,  on 
each  side,  numerous  slender  ducts  of  the  tubular  shell-glands  that 
radiate  outward  from  it  in  every  direction,  except  directly  forward. 
The  connections  of  the  uterine  sacs  or  oviducts  were  not  observed. 
Opposite  the  posterior  end  of  the  spermatheca  there  appears  to  be 
a  minute  external  orifice  that  communicates  by  a  slender  duct  with 
the  spermatheca,  but  this  connection  was  not  fully  demonstrated, 
nor  was  it  seen  in  every  specimen  examined;  it  may  be  the  nephri- 
dial  duct. 

Gulf  of  St.  Lawrence  to  Casco  Bay,  low-water  mark  to  60  fathoms. 
Common  at  Eastport,  Me.,  and  Grand  Menan,  N.  B.,  1862  to  1872, 
at  low- water  mark  under  stones,  in  tide-pools,  and  at  all  depths  down 
to  40  fathoms,  on  stony  bottoms.  Halifax,  N.  S.,  8  to  10  fathoms, 
1877.     Casco  Bay,  Maine,  10  to  12  fathoms,  1873. 

This  species,  as  stated  under  Z.  variabilis,  is  closely  related  to  the 
latter  and  may  prove  to  be  only  a  larger  and  more  fully  developed 
variety  of  it.  The  principal  differences,  externally,  are  the  larger, 
broader,  and  more  robust  body,  and  the  relatively  smaller  and  much 
less  conspicuous  ocelli.  The  color  is  variable  in  each  and  not  essen- 
tially different,  unless  the  small  white  specks  of  the  present  species 
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be  characteristic,  which  is  doubtful.  Internally,  the  structure  is  very 
similar,  but  the  first  part  of  the  female  duct  (vagina)  in  this  species 
is  relatively  shorter  and  smaller,  and  the  spermatheca  is  somewhat 
swollen  or  flask-shaped,  while  that  of  X.  variabilis  is  rather  cornu- 
copia-shaped.    The  male  organs  are  very  much  alike. 

The  amount  of  the  variations  in  form,  proportions,  and  position  of 
the  genital  organs  that  may  be  produced  by  the  preserving  and  hard- 
ening fluids  is,  however,  very  uncertain.  These  closely  allied  forms 
should  be  more  carefully  compared  as  to  these  organs,  when  living, 
or  at  least  before  immeraion  in  hardening  agents. 

Leptoplana  angusta,  sp.  dot. 

Plate  xl,  figure  8 ;  Plate  xliv,  figures  2,  2a,  3. 

Body  very  changeable,  in  extension  rather  narrow  and  elongated, 
elliptical  or  oblong,  the  length  exceeding  half  an  inch  and  equal  to 
about  three  times  the  breadth,  very  thin,  with  th^  margins  flexible, 
and  usually  more  or  less  undulated  and  curled ;  the  front  end  is 
usually  rounded  ;  the  posterior  end  is  often  notched  or  emarginate 
in  the  middle. 

The  cerebral  and  dorsal  clusters  of  ocelli  blend,  and  form  two 
nearly  straight  and  parallel  fusiform  groups,  often  nearly  linear  in 
the  small  specimens,  pointed  at  both  ends,  and  situated  well  forward. 
In  the  larger  specimens  these  groups  have  a  distinctly  wider  portion 
behind  the  middle,  composed  of  a  small  cluster  of  larger  ocelli  be- 
longing to  the  dorsal  groups,  which  are  partially  detached  from  the 
cerebral  groups ;  but  in  the  smaller  specimens  the  dorsal  ocelli  can 
hardly  be  distinguished  from  the  others,  which  mostly  lie  in  two 
rows  in  each  group. 

The  retracted  pharynx  is  large,  elongated,  elliptical,  with  numer- 
ous short,  nearly  equal  lobes  along  the  sides,  of  which  about  twelve 
or  thirteen  pairs  can  usually  be  distinguished.  The  mouth  is  some- 
what behind  the  center  of  the  pharynx.  The  stomach  has  numerous 
lateral  branches  and  a  great  number  of  terminal  twigs  which  anas- 
tomose pretty  freely  distally. 

The  reproductive  organs  extend  entirely  around  the  pharynx  and 
stomach,  thus  forming  an  opaque  or  dark  colored  elliptical  zone. 
The  vasa  defereutia  in  the  larger  specimens  are  often  conspicuous 
organs  along  the  sides  of  the  stomach.  The  uterine  sacs  in  some 
specimens  are  large  and  swollen  with  masses  of  eggs,  opposite  and 
behind  the  posterior  part  of  the  stomach.     The  copulatory  organs 
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are  situated  rather  far  back  and  are  not  easily  seen  in  most  of  the 
preparations.  The  male  organs  consist  of  a  large,  elliptical,  muscu- 
lar penis-bulb  more  or  less  concealed  by  a  large  round  graDular 
gland  ;  the  sessile,  rounded  or  oval  seminal  vesicle  is  situated  above 
and  partly  behind  the  anterior  end  of  the  granular  gland  ;  the  penis- 
sheath  is  rather  long  and  large,  cylindrical  or  sometimes  elliptical ; 
the  penis  is,  apparently,  simple  and  conical,  without  a  slender  chit- 
inous  cirrus.  The  glandular  portion  of  the  siphon-shaped  female 
duct  is  elongated  and  dilated  anteriorly,  in  the  largest  specimens, 
and  extends  from  near  the  posterior  margin  of  the  body  forward  to, 
and  often  beyond,  the  male  orifice,  as  seen  in  the  best  preserved 
specimens.  This  region  is  usually  so  altered  by  contraction  that  the 
reproductive  organs  are  evidently  much  altered  in  form  and  position 
in  nearly  all  cases,  and  therefore  vary  in  different  specimens  from 
the  same  lot.  The  larger  specimens  are  filled  with  numerous  ovarian 
and  spermarian  folicles,  and  the  uterine  sacs  and  vasa  defereniia  are 
swollen  with  their  contents. 

Color  above,  while  living,  various  shades  of  light  brown,  often 
tinged  with  darker  brown  in  the  middle  and  at  the  margins. 

Length,  in  extension,  while  living,  12  to  16""",  breadth  4  to  6®". 

Provincetown,  Mass.,  18V9,  abundant  among  hydroids,  barnacles, 
etc.,  on  the  bottom  of  a  whaling  vessel,  recently  arrived  from  off  the 
Carolina  coast.  It  was  associated  with  several  southern  species  of 
mollusks,  crustaceans,  etc. 

This  species  is  not  a  typical  Leptoplanay  but  it  appears  to  be 
closely  allied  to  several  foreign  species  referred  to  that  genns  by 
Lang  and  others.  In  its  external  characters  it  agrees  with  the  genus 
JSlasmodes  of  Stimpson,  which  Lang  unites  with  Zeptoplana, 

Trigonopoms  Lang,  op.  cit.,  p.  502. 

Pharynx  with  numerous  lateral  lobes,  stomach  with  about  five  or 
six  pairs  of  main  branches,  which  at-  first  branch  arborescently,  but 
distal ly  anastomose  more  or  less  completely. 

Marginal  ocelli  numerous,  but  minute  ;  many  other  similar  minute 
ocelli  are  scattered  over  the  frontal  region.  Cerebral  ocelli  numer- 
ous, forming  large  clusters  over  the  ganglions  and  frontal  nerves. 

Dorsal  ocelli  small  and  numerous,  forming  crowded  groups^  some- 
times confused  with  the  cerebral  clusters.  Male  copulatory  organ 
with  a  well  developed  pyriform  penis-bulb  and  granular  gland  com- 
bined ;  muscular  penis-sheath  conical  or  funnel-shaped  ;  penis  sim- 
ple,  conical ;    seminal   vesicle   apparently  wanting.     Female  duct 
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siphon-shaped,  with  an  external  opening  at  each  end.  Its  anterior 
opening  is  very  near  the  male  orifice  (in  contracted  specimens  often 
in  the  same  depression);  the  posterior  orifice  is  smaller  and  consider- 
ably farther  back.  A  special  spermatheca  is  wanting,  or  may  be 
formed  by  a  dilation  at  the  anterior  bend  of  the  vagina,  and  not 
much  specialized.  r 

The  single  European  species  ( T.  cephalophthalmfxs)^  for  which  this 
genus  was  constituted,  is  a  long  and  narrow  form,  with  the  groups 
of  ocelli  all  confused,  while  our  two  species  are  broad  and  stout 
forms,  with  the  four  main  clusters  of  ocelli  clearly  distinct,  and  ar- 
ranged much  as  in  Leptoplana  and  Cryptocelis^  from  which  they  dif- 
fer but  little  in  general  appearance,  when  living.  From  Leptoplana 
they  are,  however,  easily  distinguished  Tjy  the  presence  of  numerous 
marginal  and  frontal  ocelli,  and  by  the  peculiar  structure  of  the  gen- 
ital organs.  In  the  structure  of  the  reproductive  organs,  and  espe- 
cially in  having  two  orifices  for  the  female  duct,  both  of  our  species 
agree  well  with  the  type-species  of  TVigonoporus. 

The  cerebral  ganglions  and  main  nerve-trunks  in  both  of  our  spe- 
cies are  distinctly  pale  red  in  life,  the  color  resembling  that  of  the 
nervous  system  of  certain  nemerteans  belonging  to  the  genera  Linens 
and  Cerebratulus.  This  observation  was  repeated  many  times,  and 
in  different  years,  so  that  it  can  scarcely  be  due  to  any  temporary 
cause.  I  have  not  observed  a  red  color  in  the  nervous  system  of  any 
other  planarian. 

Trigonoporus  folium  Verriii. 

Leptopfana  folium  VerriU,  Marine  Invert,  of  Vineyard  Sound,  etc.,  pp.  632  [338], 
1873  ;  Lang,  op.  cit..  p.  512  ;  copy  of  original  description. 

Plate  xli,  figures  5,  5a,  6;  Platb  xui,  figures  5,  5a,  56;  Plate  xliv,  figures 
4,  4a,  46,  4c,  4d,  56,  6,  7. 

Description  of  living  specimens : — Body  very  changeable  in  form, 
rather  flat,  leaf-like,  in  extension  oblong-elliptical  or  ovate,  and 
usually  narrowest  anteriorly,  capable  of  contracting  to  short,  rounded 
or  broad-ovate  forms  ;  margins  more  or  less  undulated,  when  in  rapid 
motion. 

Ocelli  small  and  rather  inconspicuous ;  the  dorsal  groups  are  sit- 
uated at  about  the  anterior  fourth  or  fifth  ;  the  cerebral  groups  are 
elongated,  irregularly  fusiform,  there  being  two  broader  portions, 
united  by  a  narrower  one,  in  the  middle  of  each  ;  they  taper  to  a 
point  at  both  ends,  with  numerous  minute  ocelli  in  the  broader  parts, 
near  the  middle  and  over  the  front  and  posterior  ends  of  the  gan- 
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glions  ;  they  are  nearly  parallel,  not  far  apart,  extending  both  behind 
and  before  the  brain,  but  diminishing  in  breadth  over  the  middle 
of  the  ganglions  ;  one  or  two  of  the  anterior  ocelli  are  asually  dis- 
tinctly larger  than  most  of  those  in  the  clusters.  The  smaller  bat 
more  conspicuous  dorsal  groups,  which  are  a  little  farther  apart  and 
situated  rather  behind  the  ganglions,  contain  a  moderate  number  of 
rather  larger  ocelli,  forming  somewhat  angular  or  irregularly  rounded 
clusters,  while  just  behind  each  group  there  is  usually  a  small  de- 
tached cluster  of  two,  three,  or  more  ocelli.  In  some  speeiraeii«i 
these  small  clusters  are  not  noticeable,  while  in  others  they  nearlr 
blend  with  the  main  clusters. 

The  mounted  specimens  show,  also,  two,  three  or  more  rows  of 
minute  marginal  ocelli,  extending  around  the  anterior  margins,  back 
to  the  middle  of  the  sides,  and  in  small  numbers  even  to  the  posterior 
end  ;  many  other  similar  minute  ocelli*  are  scattered  over  the  whole 
frontal  region,  in  advance  of  the  cerebral  groups,  and  some  of  the 
largest  of  these  are  ranged  along  the  main  frontal  nervea 

Color,  in  life,  yellowish  flesh-color  or  pale  ocher-yellow,  lighter  or 
darker  yellowish  brown,  etc.,  becoming  paler  and  translucent  near 
the  margins  which  are  whitish  ;  the  ganglions  and  main  nerves  are 
pale  red  or  pink  ;  the  stomach  has  very  numerous,  much  lobed  and 
divided  branches,  which  often  show  through  as  brown  markings; 
over  the  stomach  and  pharynx  there  is  a  whitish  or  pale  reddish 
streak ;  behind  the  gastric  streak  there  is  a  small  elliptical  whitish 
patch  over  the  genital  organs.  The  ventral  surface  is  paler  and 
shows  a  whitish  gastric  spot  and  the  opaque  vas  deferens  running 
up  along  each  side  of  the  stomach. 

Length  in  life,  18  to  25"";  breadth  10  to  16"". 

Description  of  specimens  mounted  in  balsam : — The  ocelli,  in  the 
mounted  specimens  (PI.  xliv,  figs.  4ft,  bb),  appear  more  numerous 
than  in  the  living  ones,  because  more  of  those  that  are  situated  deep 
in  the  integument  become  visible,  and  consequently  the  shape  of  the 
clusters,  especially  the  cerebral  ones,  appears  to  be  different,  in  addi- 
tion to  the  effect  of  contraction.  The  brain  (fig.  bb)  is  only  slightly 
bilobed.  The  stomach-branches  are  so  thoroughly  anastomosed  that 
the  body-parenchyma,  as  seen  by  translucency,  appears  to  be  ver- 
miculated,  or  divided  in  many  places  into  polygonal  compartments, 
in  some  places  even  having  a  honey-combed  appearance  while  in 


*  These  small  scattered  and  marginal  ocelli  were  not  noticed  in  the  liyiog  speci- 
mens, doubtless  owing  to  their  small  size.  The  examinations  were  mostly  made  with 
a  good  pocket  lens,  or  a  dissecting  microscope. 


A.  E,  Verrill — Marine  Planarians  of  New  England,         489 

other  parts  tbe  spaces  are  rosette-like ;  owing  to  the  contraction  of 
the  tissues  the  surface  is  reticulated  by  corresponding  grooves.  The 
ovaries  and  spermaries  when  present  are  numerous  and  arranged 
somewhat  in  rosettes,  but  they  are  not  developed  in  most  of  the  spe- 
cimens, even  when  of  large  size.*  The  granular  gland  and  muscular 
penis-bulb  together  form  a  conspicuous,  broad-pyriform  organ  (Pi. 
xLiv,  figs.  4,  4a,  6,  7,  k)y  which  is  partially  translucent  and  shows 
a  radially  vermiculated  structure  within  {k')  and  a  central  funnel-like 
opening  to  the  ejaculatory  duct ;  the  anterior,  opaque,  rounded, 
glandular  portion,  forms,  in  some  specimens,  a  slight  median  angle, 
or  prominence.  The  muscular  penis-sheath  (figs.  6,  7,  q)  is  strong 
and  usually  regularly  funnel-shaped.  The  penis  (/>)  is  small, 
tapered,  styliform. 

The  anterior  female  pore  is  near  the  male  orifice,  and  in  some  spe- 
cimens, owing  to  contraction  of  the  tissues,  both  are  brought  close 
together  into  a  single  pit-like  depression  (figs.  4,  7) ;  the  dorsal  por- 
tion of  the  female  duct  {v')  is  somewhat  elongated,  and  its  posterior 
opening  is  at  a  considerable  distance  from  the  anterior  orifice  ;  the 
ventral  part  of  the  duct  {v)  is  shorter  and  broader,  and  it  receives 
tbe  ducts  of  numerous  shell-glands  (to) ;  at  its  upward  bend  it  is  con- 
siderably dilated,  and  this  part  probably  serves  as  a  spermatheca. 

Behind  the  second  female  orifice  ( $ ')  there  is  usually  visible  a 
slender  median  duct  which  appears  to  terminate  in  a  minute  med- 
ian pore  (u)  ;  this  is,  perhaps,  the  central  nephridial  duct,  but  its 
extension  forward  could  not  be  traced  in  the  preparations. 

The  vasa  deferentia  are  large  and  convoluted,  in  the  specimens 
containing  ova,  and  extend  forward  to  or  beyond  the  middle  of  the 
stomach.  The  uterine  sacs,  in  the  same  specimens,  are  large  and 
moniliform,  each  one  containing  four  or  five  rounded  masses  of 
eggs  ;  they  extend  forward  to  about  opposite  the  mouth. 

In  the  sexually  developed  specimens  the  spermaries  are  very 
numerous,  especially  between  the  outer  meshes  of  the  gastric  branches, 
where  there  are  few  ovaries  ;  farther  toward  the  center  they  often 
form  groups  of  1^\e  to  ten  around  a  single  ovarian  folicle,  thus  hav- 
ing the  appearance  of  a  rosette,  with  the  larger  ovarian  folicle  in  the 
center,  each  rosette  occupying  one  of  the  meshes  formed  by  the 
digestive  tubes. 
Long   Island  Sound  to  £astport,  Maine,  from  low-water  mark  to 


*  Probably  the  breeding  scaion  was  mostly  past  when  they  were  collected,  in  mid- 
summer, but  they  are  present  in  the  original  specimen  obtained  in  April,  and  also  in 
the  one  from  station  7S4. 
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54  fathoms.  Off  Watch  Hill,  R.  I.,  4  to  6  fath.  among  algae,  specimen 
with  ova,  April,  1872  (A.  E.  V.);  off  Point  Judith,  R.  I.,  sU.  784,  in 
20  fath.,  with  ova,  1880;  off  Block  Island,  sta.  812,  28|  fatb. ;  off 
Gay  Head,  Martha's  Vineyard,  18  fath.,  1887;  off  Cape  Cod,  sta.  301, 
27  fath.,  1879;  off  Cape  Ann,  Mass.,  at  stations  134  and  136,  in  26 
fath.,  and  at  sta.  182,  in  45  fath.,  1878;  Eastport,  Maine,  1870. 

There  is  considerable  variation,  both  in  external  appearance  and 
in  the  form  of  the  reproductive  organs  in  this  species,  but  I  believe 
the  differences  observed  are  due  to  age,  season  of  the  year,  presence 
or  absence  of  ova,  and  the  amount  of  contraction  when  preserved. 
As  it  might  be  doubted  whether  all  the  forms  can  be  referred  to  7! 
folium^  I  have  thought  it  well  to  give  here  a  special  description  of 
the  original  type-specimen  of  that  species,  for  comparison  with  the 
later  and  better  specimens,  described  above. 

Description  of  the  original  specimen  from  life: — Body  very  flat, 
foliaceous,  with  the  margin  thin  and  undulated  ;  outline  very  change- 
able,  broad-ovate,  narrowing  to  an  obtuse  point  at  the  anterior  end ; 
sometimes  oblong  or  elliptical  and  but  little  narrowed  anteriorly. 

Ocelli  in  four  groups,  near  the  anterior  end  ;  the  anterior  or  cere- 
bral clusters  are  parallel,  narrow,  elongated,  widest  in  the  middle, 
close  together,  almost  blending  on  the  median  line,  and  composed  of 
many  very  minute  ocelli,  less  easily  seen  than  those  of  the  other 
clusters ;  the  terminal  ocelli  are  largest ;  the  dorsal  or  posterior 
groups  are  rather  small  and  irregular  ;  in  some  states  of  extension 
often  triangular,  with  the  pointed  end  backward  ;  marginal  ocelli 
numerous,  but  minute,  in  two  or  three  rows  near  the  edge,  with 
others  scattered  over  the  frontal  region,  visible  only  when  much 
magnified. 

Color,  pale  yellowish  flesh-color,  veined  with  dendritic  streaks  of 
darker  flesh-color  and  whitish  lines ;  an  interrupted  longitudinal 
whitish  streak  in  the  middle,  over  the  stomach  and  pharynx,  and  a 
small  median  whitish  streak  farther  back. 

Length,  20°*'"  to  26™'°;  breadth,  lO""""  to  15""^. 

Off  Watch  Hill,  4  to  6  fathoms,  among  rocks  and  algae,  April,  1872- 

Description  of  the  original  type  as  preserved: — This  original  type- 
specimen,  mounted  in  balsam,  shows  many  of  the  anatomical  charac- 
ters (PI.  XLiv,  tigs.  4-4c),  but  the  posterior  end  had  been  mutilated 
in  life  and  only  partly  healed  ;  in  consequence  of  this  the  female 
reproductive  organs  are  not  perfect.  This  also  accounts  for  the 
broad  emargination  of  the  posterior  end,  mentioned  in  the  original 
description. 
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The  pharynx  is  short  and  broad  and  has  five  large  lobes  on  each 
side,  some  of  which  are  bilobed,  and  two  small  lobes  near  the  anterior 
end.  The  mouth  is  somewhat  behind  the  middle  of  the  pharynx.  The 
stomach  has  five  or  six  main  branches  on  each  side  and  these  are 
much  branched  and  extensively  anastomosed  distally,  as  described 
above. 

The  meshes  or  interspaces  between  the  stomach -branches  are  filled 
with  large  numbers  of  rather  large  ovarian  folicles  and  a  much 
greater  number  of  smaller  spermaries  which  are  grouped  closely 
around  each  of  the  ovarian  folicles,  so  as  to  form  rosettes  where  they 
are  not  too  much  crowded  ;  distally  the  spermaries  increase  in  num- 
bers, while  the  ovaries  diminish. 

The  combined  granular  gland  and  penis-bulb  (^g^.  4,  4a,  k)  form 
a  regularly  pyriform  organ,  rounded  anteriorly,  and  having  essen- 
tially the  same  structures  as  in  the  specimens  described  above  ;  the 
penis  and  penis-sheath  (q)  also  agree  well  with  those  already 
described.  Owing  to  the  mutilation  of  the  female  organs  and  the 
contraction  of  the  parts,  the  anterior  female  orifice  and  the  male 
orifice  are  brought  close  together,  and  the  posterior  female  orifice  is 
not  distinguishable. 

This  is  a  very  active  and  restless  species.  One  specimen  protruded 
its  multilobed  pharynx  when  placed  in  alcohol.  A  specimen  (sta. 
136,  July  26,  1878)  was  filled  with  white  eggs,  visible  through  the 
integument  of  the  ventral  side,  while  living. 

When  preserved  in  alcohol,  the  specimens  retain  their  form  better 
than  those  of  most  of  the  related  species,  and  usually  do  not  curl  up 
much  ;  the  preserved  specimens  are  rather  thick,  firm,  usually  broad- 
ovate,  narrower  toward  the  front  end,  which  is  often  somewhat 
lanceolate ;  the  mouth  is  usually  visible  as  a  small  round  central 
opening  ;  the  small  male  reproductive  orifice,  or  a  papilla  in  its  place, 
is  often  distinct. 

Trigonoponis  dendriticus,  sp.  nov. 

Plate  xli,  fioube  4 ;  Plate  ZLn,  fioures  4,  4a,  46 ;   Plate  XLin,  figure  6. 

Body  usually  ovate  with  the  anterior  end  narrowed  and  more  or 
less  pointed,  edges  undulated  and  flexible,  but  the  form  is  subject  to 
considerable  changes,  though  less  so  than  in  the  species  of  Lepto- 
plana. 

Ocelli  minute  and  rather  inconspicuous ;  the  cerebral  groups  are 
near  together,  irregular  and  somewhat  elongated,  composed  of 
numerous  very  small  ocelli  which  mostly  lie  over  the  anterior  and 
Traks.  Conn.  Acad.,  Vol.  VIII.  64  January,  1893. 
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the  posterior  ends  of  the  ganglions,  so  that  each  cluster  is  constricted 
in  the  middle,  or  somewhat  hour-glass  shaped  ;  the  dorsal  groups 
are  more  conspicuous,  but  usually  smaller,  irregular,  longer  than 
broad,  often  somewhat  elongate-triangular,  with  the  acute  end 
directed  backward  ;*  they  are  well  separated  from  the  cerebral 
groups  and  are,  for  the  most  part,  behind  them ;  marginal  ocelli  are 
small  but  numerous,  in  two  or  three  rows  extending  back  to  the 
middle,  while  numerous  small  ocelli  are  scattered  over  the  whole 
frontal  region. 

Color  pale  yellowish  or  pinkish,  with  brown  dendritic  markings, 
due  to  the  much  divided  and  lobed  stomach  branches  ;  the  pharynx, 
showing  distinctly  through  the  integument,  forms  a  deeply  lobed 
central  spot.  The  cerebral  ganglions  and  nerves  are  reddish.  The 
mouth  is  rather  large,  situated  in  front  of  the  middle,  and  about  op- 
posite the  second  pair  of  large  pharyngeal  lobes.  Pharynx  is  large 
and  has  about  five  pairs  of  large  and  long  lobes.  The  main  branches 
of  the  stomach  fork  and  divide  arborescently  at  first,  and  the  branches 
are  much  lobulated  along  their  sides,  giving  them  a  fern-like  appear 
ance.     They  do  not  anastomose  so  freely  as  those  of  T.  folium. 

Length  12  to  IS""'";  breadth  6  to  8""". 

The  reproductive  organs  (PI.  xliv,  fig.  3)  agree  pretty  nearly  with 
those  of  T,  folium^  as  seen  in  the  mounted  specimen.  The  penis- 
bulb  and  granular  gland  together  are  more  oblong  than  in  that 
species,  and  there  appears  to  be  a  constriction  near  the  front  end, 
partially  separating  the  cap-like  anterior  portion  from  the  rest.  The 
penis  is  short,  conical,  and  simple  ;  its  sheath  is  not  so  thick  and 
strong  as  in  T,  folium.  The  anterior  female  orifice  is  a  little  distance 
back  of  the  male  orifice  ;  the  glandular  part  of  the  vagina  is  elon- 
gated, and  its  posterior  orifice  is  situated  well  back. 

Off  Race  Point,  Cape  Cod,  sta.  317,  in  26  fathoms,  1879. 

DiSCOCelis  Ehrenberg,  1832,  (emend.);  Lang,  op.  cit.,  p.  466. 

Body  broad,  usually  ovate,  foliaceous,  marginal  ocelli  present, 
cerebral  and  dorsal  ocelli  variable  in  number,  usually  in  four  groups. 
Mouth  central  or  a  little  in  advance  of  the  center.  Pharynx  large, 
and  sometimes  with  divided  accessory  pouches.     A  single  common 

*  The  mounted  specimens,  as  well  as  some  of  my  sketches  from  life,  show  thii 
all  the  groups  of  ocelli  as  represented  in  fig.  4,  Plate  xli,  are  too  regularly  triangular, 
and  the  posterior  groups  are  too  large  and  too  elongated ;  the  enlarged  figure  on 
Plate  XLiT.  fig.  4a,  is  from  the  same  specimen,  after  mounting;  but  doubtless  the 
shape  of  the  groups  is  more  or  less  altered  by  contraction. 
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genital  opening.     Female  genital  organ  with  a  glandular  accessory 
vesicle. 

The  following  species  is  referred  to  this  genus  chiefly  on  account 
of  its  external  resemblance  to  the  typical  species.  I  have  had  no 
mature  specimens  sufficiently  well  preserved  to  enable  me  to  study 
the  reproductive  organs. 

Disoocelis  mutabilis  Veniu. 

Polycelis  mutabilis  Yerrill,  Report  on  the  Inverteb.  of  ViDeyard  Sound,  etc.,  p. 

746,  (452,)  1873. 
Lang,  op.  dt,  p.  616,  copy  of  original  description. 

Plate  xl,  figure  7 ;  Plate  xui,  figures  6,  6a,  7. 

Description  of  the  original  specimen  from  life: — Body  much 
depressed,  thin,  changeable  in  form,  often  elliptical  or  oval,  fre- 
quently broad  and  emarginate  in  front,  and  tapered  posteriorly. 
Marginal  ocelli  very  distinct,  black,  forming  se^ral  rows  along  the 
front  border,  but  only  one  or  two  rows  laterally.  Dorsal  and  cere- 
bral ocelli  larger,  forming  three  pairs  of  rather  ill-defined  clusters ; 
the  outer  or  dorsal  clusters  are  largest,  often  convergent  backward  ; 
a  pair  of  smaller  cerebral  clusters  is  situated  a  little  in  advance,  and 
nearer  together  ;  the  third  pair  is  a  little  farther  forward  and  still 
closer  together,  often  more  or  less  confused  with  those  next  behind 
them. 

Color,  yellowish  brown,  darker  centrally  ;  or  pale  yellowish,  thickly 
specked  with  yellowish  brown.  Length,  about  7  to  9™™ ;  breadth, 
5  to  B"*"*. 

Thimble  Islands,  near  New  Haven,  Conn.,  1  to  2  fathoms,  among 
red  algaB,  1872. 

The  original  type-specimen,  described  above,  was  mounted  in  bal- 
sam for  the  microscope,  when  first  obtained.  It  is  still  in  my  pos- 
session, and  from  it  the  figures  (PI.  xlii,  figs.  6,  6a)  have  been 
drawn  with  the  camera-lucida.  Unfortunately  the  internal  organs 
are  not  well  preserved.  The  reproductive  organs  cannot  be  seen 
at  all.  Possibly  the  specimen  was  immature,  with  imperfectly  de- 
veloped sexual  organs,  but  its  size  would  indicate  that  it  was  adult. 

The  pharynx  and  stomach  are  large  and  have  numerous  lateral 
obes.     As  near  as  can  be  made  out,  the  elongated  stomach  has  eight 
or  nine  principal  branches  on  each  side,  but  they  are  indistinct,  owing 
to  the  poor  state  of  preservation  of  the  specimen. 

The  marginal  ocelli  are  rather  conspicuous  and  extend  back  nearly 
as  far  as  the  posterior  end  of   the  stomach.     The  four  groups  of 
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cerebral  and  frontal  ocelli  are  more  or  less  confused  in  the  prepara- 
tion, and  are  unusaally  far  apart,  doubtless  owing  to  compression  Id 
mounting  the  specimen  ;  the  distortion  of  the  groups  is  doubtless 
due  to  the  same  cause  ;  behind  each  cerebral  group  there  is  a  rather 
large  isolated  ocellus.  The  posterior  or  dorsal  groups  are  conspicu- 
ous, a  little  elongated,  elliptical  or  oval,  somewhat  pointed  behind ; 
each  is  composed  of  about  12  black  ocelli,  several  of  which  are  coo- 
siderably  larger  than  the  others,  reniform  in  shape,  with  a  transpar- 
ent, lens-like  portion  on  the  concave  side. 

I  have  never  found  another  large  specimen  that  can  be  referred  to 
this  species. 

Description  of  young  specimens : — Several  very  young  individuals 
were  taken  at  the  surface,  with  towing  nets,  both  at  Newport,  R.  L, 
and  at  Wood's  Holl,  Mass.,  which  apparently  belong  to  this  species, 
but  they  are  all  too  immature  to  be  identified  with  certainty,  until 
intermediate  sizes  shrill  have  been  observed. 

One  of  these  young  specimens,  figured  from  life,  is  represented  on 
Plate  XL,  figure  7,  in  its  contracted  form  ;  another  unpublished  fig- 
ure of  the  same  individual  is  considerable  longer  with  the  frontal 
ocelli  farther  forward,  and  with  the  stomach  longer  and  showing 
eight  or  nine  pairs  of  lateral  branches.  The  reproductive  organs  are 
not  distinctly  developed.  The  form  is  generally  obovate  or  obcor- 
date,  with  a  distinct  emargination  in  front.  The  ocelli  form  six 
groups;  the  frontal  groups  contain  each  only  one  or  two  ocelli;  the 
cerebral  groups  contain  each  about  three  ocelli  in  a  single  row;  eacb 
of  the  outer  or  dorsal  groups  contains  three  ocelli.     (PL  xlii,  fig.  7). 

The  color  is  translucent  whitish  with  delicate,  pale  yellow  den- 
dritic marking  and  a  deeper  yellow  gastric  spot ;  the  transparent 
margin  is  elegantly  marked  with  a  row  of  light  golden  yellow  spots. 
It  is  active  and  graceful  in  its  movements. 

This  specimen  was  taken  at  the  surface  of  the  sea  at  Wood's  Holl' 
Aug.  ]6,  1882. 

Tribe,  Cotylea  Lang. 

Acetabulum  ventral,  behind  the  female  opening.*  Mouth  and 
pharynx  situated  between  the  middle  and  anterior  end  of  the  body. 

•  The  existence  of  a  ventral  acetabulum  or  sucker  is  not  strictly  diagnostic  of  this 
group,  for  certain  species  of  Leptoplana  and  of  Planoceridce  have,  also,  a  veDtral 
sucker  of  the  same  kind.  But  in  all  the  latter  groups,  so  far  as  I  know,  the  sucker, 
when  present,  is  in  front  of  the  female  orifice.  Perhaps  the  pit-like  depression  around 
the  female  orifice  of  certain  species  of  LeptoplanidcB  is  of  the  same  nature  and  for  Uie 
same  purpose. 
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Pharynx  tubular,  long  or  short,  exsertible.  Main  stomach  cavity 
oot  extending  forward  beyond  the  pharynx.  Lateral  branches  of 
the  stomach  variable  in  number,  reticulated  or  dendritic. 

Tentacles,  when  present,  situated  at  the  anterior  margin,  often 
wanting.  Ocelli  numerous,  usually  forming  two  cerebral  clusters ; 
an  anterior  marginal  row  ;  and  clusters  in  the  tentacles,  when  these 
are  present.  Female  organs  are  without  a  copulatory  pouch  and 
accessory  vesicle  or  spermatheca.  The  male  organs  are  variously 
situated,  often  anterior ;  sometimes  they  are  paired,  or  ev6n  (in  the 
genus  Anonymtui)  multiple  in  a  lateral  row  along  each  side.  De- 
velopment with  metamorphosis. 

Family,  Euryleptid^  Stimp.,  1867  (emend.). 

Euryleptidce  Lang,  Die  Poljdaden  dee  Golfes  von  Neapel,  p.  553,  1884. 

Body  ovate  or  elliptical.  Marginal  tentacles  present  or  absent. 
Mouth  near  the  anterior  extremity  of  the  body.  Pharynx  tubular. 
Stomach  long,  narrow  ;  its  branches  either  simple  or  anastomosing. 
Ocelli  are  present  at  the  front  margin  of  the  body  and  in  the  tenta- 
cles, when  these  are  present;  others  form  two  cerebral  groups. 

Eurylepta  (Ehrenberg)  Lang. 

Body  not  papillose.  Marginal  tentacles  well  developed,  elongated, 
not  pliciform.  Pharynx  cylindrical.  Principal  lateral  branches  of 
the  stomach  about  five  on  each  side,  not  anastomosing.  Male  aper- 
ture under  the  posterior  end  of  the  pharyngeal  sac. 

Eurylepta  maculosa  Vemii,  sp.  nov. 

Plate  ili,  piqures  2,  3. 

Description  of  living  specimens: — Body  thin,  very  changeable, 
usually  elliptical  or  oblong,  and  more  or  less  elongated,  with  the 
margin  very  thin  ;  in  motion  often  wavy  and  undulated,  and  con- 
stantly changing  its  form  ;  frontal  margin  rather  narrow  with  two 
moderately  long,  obtuse,  flattened  marginal  tentacles,  which  are 
flexible  and  changeable  in  form. 

Ocelli  numerous;  on  the  lower  and  anterior  sides  of  the  tentacles 
there  are  clusters  of  numerous,  minute,  black  ocelli,  but  they  do  not 
extend  much  above  the  middle  of  the  tentacles  ;  numerous  similar 
marginal  ocelli  are  scattered  between  the  tentacles  on  and  near  the 
front  margin  ;  back  of  the  tentacles,  the  distance  varying  with  the 
state  of  contraction  or  extension,  there  are,  above  the  ganglions,  two 
elongated  groups  of  cerebral  ocelli,  side  by  side,  and  so  close  together 
as  to  appear,  at  times,  like  one  broad  group  ;  each  of  these  groups 


496         A.  M  VerriU — Marine  Planarians  of  New  England. 

conflists  of  twelve  or  more  ocelli,  of  which  one,  near  the  middle  in 
each  group,  is  larger  than  the  rest. 

Color  pale,  translucent,  yellowish  or  pinkish  white,  irregalaiij 
specked  and  mottled,  or  veined,  with  purplish  or  brown,  and  asuallj 
with  a  number  of  darker  and  more  distinct,  small,  brown  spots  scat- 
tered over  the  central  area,  and  especially  along  the  middle  of  the 
back,  while  around  the  margin  the  color  markings  form  distinct 
radial  spots. 

Length*  10  to  12""  ;  breadth  6  to  8"»". 

Wood's  HoU,  on  piles,  July  U,  1881;  in  mud,  Aug.  2,  1882;  Nau- 
shon  I.,  near  Wood's  HoU,  Mass.,  at  low-water  mark,  among  algip, 
Aug.  20,  1887. 

This  species  has  been  met  with  but  few  times,  and  in  each  case 
only  a  single  specimen  has  been  obtained.  It  must  be  considered 
very  rare  on  our  coast.  None  of  the  specimens  are  sufficiently  well 
preserved  to  allow  any  anatomical  study. 

Family,  Pbosthiostomid^  Lang)  p.  594. 
ProsthiOStomum  Quatrefagea,  op.  cit.,  p.  133,  1845;  Lang,  op.  cit.,  p.  594. 

Body  elongated,  smooth.  No  tentacles.  Ocelli  in  cerebral  groups 
and  around  the  front  margin.  Mouth  anterior,  below  the  brain. 
Pharynx  long,  tubular,  directed  forward.  Stomach  elongated,  with 
numerous  lateral  branches,  not  anastomosed. 

Male  genital  organs  behind  the  pharyngeal  sac  ;  two  accessory 
seminal  vesicles ;  penis  uncinate,  directed  backward. 

This  is  the  only  genus  of  the  family. 

ProsthiOStomum  gracile  Girard. 

Prosthiostomuin  gracile  Girard,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  p.  251. 1850. 
Masmodesf  gracilis  Stimpson,  Prodromus,  p.  [3]  21,  1857. 

Woodcut,  Pig.  1. 

The  original  description  of  this  species  is  so  meager  that  no  one 
has  hitherto  been  able  to  identify  it,  so  far  as  I  know. 

It  reads  as  follows  :  "  It  differs  from  other  species  of  the  same 
genus  by  its  y^ry  slender  body  and  the  arrangement  of  the  eye- 
specks,  which  are  disposed  in  four  groups  ;  of  which  the  first  and 
second  are  in  a  single  pair,  the  third  triple,  and  the  fourth  double. 
From  Boston  Harbor." 

The  genenc  position  has  been  doubtful.  Dr.  Stimpson,  who  states 
that  he  had  Girard's  original  drawings  of  planarians  for  examination, 
refers  it  doubtfully  to  Elasmodee  (=  Leptoplana  in  part). 
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The  only  specimenfl  of  the  genns  Prosthiostomum  that  I  have 
found  on  the  New  England  coast  are  quite  young.  Presuming 
that  Girard's  species  was  correctly  referred  to  this  genus,  my  young 
specimens  may,  very  likely,  belong  to  the  same  species,  for  the 
ocelli  have  a  similar  arrangement. 


Fig.  I.  Prosthiostomum  graciU.  Young,  x  8. 

When  living  the  body  is  long-elliptical  in  extension  (see  cut  1,  from 
life)  and  quite  thin  and  translucent.  The  stomach  has  about  four- 
teen main  branches  on  each  side,  and  these  are  much  divided  distally. 
Those  of  the  anterior  pair  curve  outward  and  forward  around  the 
pharyngeal  region  and  ocelli.  The  tubular  pharynx  was  only  imper- 
fectly seen,  and  was  probably  not  fully  developed,  llie  cerebral 
ocelli  form  an  interrupted  curved  row  of  about  four  on  each  side,  of 
which  the  anterior  pair  is  largest.  The  posterior  or  dorsal  clusters 
are  each  represented  by  two  ocelli,  placed  obliquely.  The  marginal 
ocelli  are  very  distinct,  and  form  a  single  row  around  the  front  edge. 
The  reproductive  organs  were  not  developed. 

Color  pale  yellowish  white  with  darker  yellow  arborescent  mark- 
ings, due  to  the  gastric  branches.  Other  specimens  are  light  yellow- 
ish green,  with  a  whitish  gastric  spot  and  pale  radial  lines,  and  a 
greenish  median  line  posteriorly. 

Length  of  the  largest  about  4"'"'  ;  breadth   I  ^o"'". 

Noank,  Conn.,  July  9,  lb74;  Wood's  Holl,  Mass.,  July  25,  1881; 
New  Haven,  Conn.,  Oct.  14,  1892.     Huston  Harbor  (Girard). 

It  is  probable  that  Girard's  specimens  were  also  immature,  and 
perhaps  but  little  larger  than  those  here  described.  He  does  not 
give  the  size. 

MONOGONOPORA  or  TRICLADIDEA. 
Body  generally  narrower  and  relatively  longer  than  in  the  Digo- 
nopora.  Sometimes  a  distinct  muscular  ventral  foot  is  present. 
Sometimes  a  posterior  sucker  is  developed.  In  some  genera  there 
are  dorsal  tentacles  ;  in  others,  frontal  lobes.  The  mouth  is  gener- 
ally somewhat  behind  the  middle.     The  pharynx  is  generally  simple* 

*Id  the  American  fresb-water  genus  Phctgocata(Leidy),  besides  the  central  pharynx, 
there  is  a  row  of  smaller  ones  along  each  side,  each  one  arising  from  the  base  of  a 
lateral  aeoondarj  ^tomach-branch. 
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and  tubalar,  often  cylindrical  or  urn-shaped,  and  capable  of  being 
protruded  fully  from  the  mouth  ;  when  retracted  it  lies  in  the  median 
line,  in  a  definite  pharyngeal  cavity.  Its  base  connects  with  the 
stomach  at  the  central  part  from  which  the  three  main  gastric 
branches  arise. 

Two  of  the  main  gastric  branches  run  backward,  one  on  each  side 
of  the  pharyngeal  and  reproductive  regions,  and  from  these  numer- 
ous smaller  transverse  branches,  either  simple  or  branched,  run  out 
toward  the  margins,  and  still  smaller  transverse  branches  often  run 
inward  toward  the  center.  The  anterior  main  branch  is  median  and 
gives  off  lateral  branches  more  or  less  symmetrically  on  each  side. 

The  brain,  frontal  nerves,  and  main  lateral  nerve-trunks  are  gen- 
erally well  developed  ;  a  small  marginal  nerve  and  a  complex  nerv- 
ous plexus  can  often  be  distinguished  without  difficulty. 

The  ocelli  are  often  only  two,  situated  over  or  near  the  cerebral 
ganglions,  in  other  cases  three  pairs,  and  in  many  genera  they  are 
numerous,  in  two  groups ;  sometimes  they  are  lacking.  A  median 
otocyst  is  sometimes  present. 

The  species  are  nearly  all  hermaphrodites.  There  is  one  common 
genital  orifice,  posteriorly  situated.  The  ovaries,  or  germaria,  are 
usually  two,  anteriorly  situated,  and  special  vitellaria  are  developed 
along  the  sides.  Spermaries  are  generally,  but  not  always,  numerou.s 
and  scattered.  The  copulatory  organs  present  many  variations.  The 
eggs  are  generally  enclosed  in  capsules.  Some  species  are  viviparous. 
Development  is  direct. 

Most  of  the  species  of  this  group  inhabit  fresh-water  and  moist 
places  on  the  land,  but  there  are  several  marine  genera.  The  terres- 
trial species  are  found  chiefly  in  warm  and  moist  countries,  but  a 
single,  small  terrestrial  species  (Rhynchodemxis  st/lvcUicus  Leidy) 
inhabits  New  England,  as  far  north  as  New  Haven ^  where  I  have 
often  observed  it. 

Family,  Bdellourid^  Verrill. 
BdeUuridea  Diesing,  op.  cit.,  p.  618,  1861. 

Body  elongated,  flattened,  highly  muscular,  leech-like,  with  a  well 
developed  posterior  acetabulum  or  sucker.  Brain  and  lateral  nerve- 
trunks  well  developed  ;  marginal  nerve  distinct.  Pharynx  plicated, 
cylindrical  in  extension.  Two  posterior  main  gastric  branches  not 
united  posteriorly.     Ectoparasites. 

This  family  is  constituted  for  the  following  genus  only. 
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BdeUonra  Leidy. 

Proc  Acad.  Nat  Sci.  Philad.,  vol.  v.  242,  1851;    Stimpson,  Prodromus,  p.  6,  1857. 
BdeUura  Diesiog,  Sitzb.  der  mathem-Daturw.,  Abtheiluog.  Dendrocoelen,  p.  518,1861. 

Body  flat,  lanceolate,  with  thin  muscular  edges  along  the  middle, 
adapted  for  swimming.  Acetabulum  nearly  as  wide  as  the  body, 
separated  by  a  constriction.  Mouth  behind  the  middle.  Tentacles 
none.  Ocelli  two,  reniform,  with  a  front  lens.  Brain  large,  bilobed, 
with  several  pairs  of  frontal  nerves  ;  lateral  nerve-trucks  (PI.  xliv, 
fig«  ®>  ^y  ^^y)  large,  united  by  a  posterior  commissure  in  the  acetabu- 
lum, and  by  others,  farther  forward,  behind  the  genital  orifice. 
Lateral  gastric  branches  {^g,  8,  g')  more  or  less  divided.  Penis  sim- 
ple, conical,  unarmed  (figs.  8,  8a,  p),  A  pair  of  female,  accessory, 
lobulated  glandular  organs  or  ^*  uterine  sacs "  (fig.  8,  x)  is  situated 
about  opposite  the  genital  pore.  Unicellular  mucus-glands  are  pres- 
ent.    Rhabdites  are  wanting.     Eggs  are  enclosed  in  capsules. 

The  only  known  species  is  an  active  ectoparasite  on  Z,imulus,  but 
it  is  able  to  swim  freely,  with  an  undulatory,  leech-like  motion. 

Bdelloura  Candida  Girard. 

Vortex  Candida  Girard,  Proceedings  BoetOD  Soc.  Nat.  Hist.,  vol.  iii,  p.  264,  1851. 

Bdelloura  parasitica  Leidy,  Proceedings  Acad.  Nat.  Sci.  Philad.,  vol.  v,  p.  242, 
1852;  Stimpson,  Prodromus,  p.  6,  1857. 

Bdelloura  Candida  Girard,  op.  cit.,  vol.  iv,  p.  211,  1852. 

BdeUura  parasitica  Diesing.  op.  cit.,  p.  518. 

Bdelloura  Candida  VerriU,  Rep.  Marine  Invert.  Vineyard  Sound,  pp.  634  [340], 
460  [166],  1873:  Gissler,  Amer.  Nat.,  vol.  xvi,  pp.  52,  53,  1882  (egg-cases  and  #oung); 
Ryder,  op.  cit.,  pp.  48-51 ;  142,  143,  1882  (10  woodcuts  of  egg-cases,  etc.;  fig.  8  is 
reversed,  head  for  tail),  three  species  supposed  to  exist  on  Limulus. 

Planaria  limuli  Graff,  Zool.  Anzeig.,  pp.  202-205,  1879;  Woodruff,  Bull.  Mus. 
Comp.  Zool.,  xxi,  p.  19, 1891. 

Plate  il,  nouRES  10,  106;  Plate  xli,  pioube  8;  Plate  xliii,  figure  U  ;  Plate 
xuv,  nouRBS  8,  8a,  86. 

Body  smooth  and  firm  ;  muscular  system  highly  developed  ;  very 
changeable  in  form  and  very  active ;  usually  lanceolate,  or  broadest 
in  the  middle  with  the  anterior  end  pointed.  While  adhering  by 
the  posterior  sucker  it  can  extend  itself  in  every  direction,  at  times 


Pig.  2.  Bdelloura  Candida.     Adult,  slightly  enlarged. 

becoming  almost  linear  and  looking  very  much  like  a  small  leech 

(Clepsine)^  but  in  contraction  it  becomes  short-elliptical,  oval,  or 

oblong  ;  tlie  margins  are  thin  and  often  undulated  in  life.     Posterior 

Trans.  Conn.  Acad.,  Vol.  VIII.  65  January,  1893. 
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sucker  well-developed,  variable  in  form  according  to  the  state  of 
contraction.  It  is  able  to  swim  rapidly  with  undulatory  motions  like 
those  of  a  leech. 

Ocelli  two,  black,  conspicuous,  near  together,  not  far  from  the 
front  end.  Pharynx  conspicuous  in  life,  as  a  white  median ,  cylin- 
drical, sulcated  organ  showing  through  the  integument ;  its  open 
end  is  divided  into  about  six  small  lobes.  Mouth  nearly  central, 
or  a  little  behind  the  middle.  Transverse  branches  of  the  intestine 
numerous  and  crowded,  about  twenty-five  to  thirty  principal  ones 
on  each  side;  mostly  forked  and  lobulated  distally,  in  adult  speci- 
mens. The  ovaries  or  germaria  appear  as  somewhat  opaque,  whitish, 
round  or  pyriform  organs  near  the  bases  of  the  fourth  pair  of 
branches  of  the  stomach,  and  often  about  midway  between  the  brain 
and  the  base  of  the  pharynx. 

Color  whitish,  grayish,  or  yellowish ;  the  intestinal  branches 
usually  forming  a  central  darker  brown  region,  in  the  middle  of 
which  the  pharynx  forms  an  oblong  white  spot.  The  color  of  the 
gastric  or  intestinal  branches  varies  according  to  their  contents. 

Length  15  to  25°»";  breadth  4  to  e""^ 

Cape  Hatteras,  N.  C,  to  Casco  Bay,  Maine.  Very  common  on 
the  gills  and  gill-plates  and  other  parts  of  the  "  horse-shoe  crab," 
Limulus  polyphemus. 

The  egg-capsules*  are  often  found  in  large  numbers  attached  to 
the  gijl-plates  of  Limulus.  They  are  chitinous,  brownish  or  yellow- 
ish, variable  in  size  and  form,  usually  oval,  elliptical,  or  oblong, 
with  the  upper  side  convex  and  the  under  side  nearly  flat ;  the 
larger  ones  are  about  3""  long  and  half  as  wide.  PI.  xliv,  figure 
8&  They  are  usually  attached  by  a  pedicle  at  one  end,  but  some- 
times at  both  ends.  They  contain  from  one  to  eight  eggs  or  em- 
bryos, most  commonly  four  to  six.  I  have  observed  frest  capsules 
during  the  whole  summer,  and  have  seen  them  forming  in  October, 
showing  that  the  breeding  season  is  long.     PI.  xliii,  fig.  11,  oa. 

It  seems  to  me  certain  that  the  embryos  formerly  described  and 

*  Dr.  J.  A.  Ryder  has  describe^  and  figured  three  forms  of  these  egg-capsules  from 
the  gills  of  Limulus  (Amer.  Naturalist,  vol.  16,  pp.  48-51)  and  thinks  that  they  prob- 
ably belong  to  distinct  species.  I  have  never  found  but  one  species  of  adult  plana- 
rians  on  Limulus.  In  the  case  of  one  of  the  worms  (fig.  8),  supposed  by  him  to  be 
a  distinct  species,  he  mistook  the  caudal  sucker  for  the  head,  and  overlooked  the  eyes. 
Making  this  correction,  the  differences  noted  by  him  disappear.  The  differences  in  the 
capsules  appear  to  be  only  variations  of  form  and  size  of  no  great  importance  due.  io 
part  at  least,  to  the  age  and  size  of  the  individuals  producing  them.  The  capsules 
produced  by  the  largest  specimens  contain  more  ova  than  those  belonging  to  young 
individuals. 
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figured  by  Mr.  A.  Agassiz^f  under  the  Dame  of  Planaria  angulata^ 
did  not  belong  to  this  species,  for  he  stated  that  the  eggs  found 
by  him  were  in  "  a  string  of  eggs,  mistaken  at  first  for  those  of 
some  naked  mollusk,"  which  is  the  case  with  the  eggs  of  many 
Polycladidea,  but  not  with  those  of  this  genus.  The  embryos  ob- 
served by  him  were  not  sufficiently  advanced  for  identification,  but 
the  structure  of  the  stomach  and  its  branches,  so  far  as  developed, 
agrees  better  with  one  of  the  Polycladidea  than  with  that  of  any 
of  the  Tricladidea.  The  embryos  of  Bddloura  before  leaving  the 
capsules  usually  have  the  three  main  divisions  of  the  stomach  clearly 
visible,  as  well  as  the  two  eyes.* 

This  is  a  true  parasite.  It  sucks  the  blood  of  its  host  and  destroys 
the  substance  of  the  gills.  When  large  numbers  are  present  the  gills 
of  the  Zfimulus  are  often  extensively  damaged  in  this  way. 

It  is  gregarious  in  its  habits.  Large  clusters  of  the  adults  are 
often  found  grouped  together  on  the  joints  of  the  legs  as  well  as 
on  the  gills  of  Xdmtdus.  Even  in  confinement  they  preserve  the 
same  habit,  adhering  to  the  glass  in  large  groups.  When  disturbed 
ihey  often  swim  away  with  undulatory  motions,  like  certain  leeches. 
This  species  is  particularly  favorable  for  anatomical  studies,  for 
the  tissues  are  well  differentiated  and  the  various  organs  are  more 
distinct  than  in  many  other  allied  planarians.  The  small  amount 
of  pigment  in  the  integument  is  also  favorable,  especially  when 
examined  in  the  living  or  fresh  condition.  It  is  also  very  tenacious 
of  life,  for  it  will  live  for  a  long  time  without  food  in  a  very  small 
amount  of  sea- water. 

Some  of  the  principal  anatomical  characters  that  can  be  made  out 
with  living  specimens  are  represented  on  plate  xliv,  figs.  8,  8a. 
Figure  8  shows  a  ventral  view  of  the  entire  worm  only  slightly  com- 
pressed, and  figure  8a  shows  the  posterior  portion  of  another  indi- 
vidual more  strongly  compressed,  so  as  to  show  the  reproductive 
organs  better,  but  in  this  figure  the  intestinal  branches  (g')  are  so 
much  compressed  that  they  appear  unnaturally  broad  and  swollen, 
while  the  outline  of  the  posterior  sucker  is  obscured,  for  the  same 
reason,     in  this  figure  the  nervous  system  is  omitted. 

The  lateral  gastric  branches  (left  unshaded  in  fig.  8)  in  adult 
specimens  are  very  numerous,  ten  to  twelve  arising  from  each  side 
of  the  anterior  trunk  or  median  division  of  the  stomach  (g),  while 

♦  Several  writers,  have  carelessly  referred  to  the  embryonic  forms,  described  by  Mr. 
Agassiz.  as  the  young  of  this  species,  although  the  true  egg-capsules  of  the  latter 
have  long  been  known. 

f  innals  Lyceum  Nat.  Hist.,  New  York,  vol.  viii,  pp.  306-309,  I86G. 
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twelve  to  eighteen  arise  from  each  of  the  posterier  divisions  {g'). 
Those  in  the  middle  part  of  the  body  are  mostly  two-lobed  or 
forked,  and  some  of  them  are  divided  into  three  or  four  branches 
but  some  remain  simple,  especially  toward  the  ends  of  the  body. 
Under  pressure  all  the  branches  usually  appear  lobulated  along  their 
sides  and  at  their  ends.  The  posterior  trunks  also  give  off  from 
their  inner  borders  smalleY*  lateral  branches  which  run  in  toward 
the  median  line,  where  those  of  opposite  sides  .anastomose,  back  of 
the  pharyngeal  region.  The  two  posterior  trunks  do  not  anasto- 
mose at  their  posterior  ends  in  any  of  the  examples  studied  by  me. 
The  anterior  trunk  terminates  behind  the  brain. 

The  pharynx  (/)  is  large,  cylindrical  or  urn-shaped,  according  to 
its  state  of  contraction,  lobed  or  scolloped  at  the  end,  and  often 
plicate  or  grooved  along  the  sides.  It  is  often  protruded  in  alco- 
holic  specimens. 

The  bilobed  brain  (c)  is  large  and  easily  seen.  Each  lobe  gires 
off  from  its  antero-lateral  and  front  borders  about  five  main  nerres 
(c')  which  subdivide  and  run  to  the  margins  of  the  head.  The 
main  lateral  nerve-trunks  (n,  n')  are  large  and  distinct.  They  run 
back  and  anastomose  directly  in  the  posterior  sucker.  They  give 
off,*  all  along  their  course,  lateral  nerves  that  subdivide  into  manr 
small  branches,  part  of  which  go  to  the  adjacent  organs,  while  some 
go  to  and  join  the  small  but  distinct  marginal  nerve  (n'),  in  the 
vicinity  of  which  they  form  a  fine  network.  The  principal  trans- 
verse branches  from  the  large  nerve-trunks  correspond  nearly  in 
number  with  the  gastric  branches.  Back  of  the  genital  organs 
five  or  six,  or  more,  transverse  commissures  unite  the  main  nervou? 
trunks.  The  eyes  are  well  developed,  with  a  blackish,  reniformi 
pigmented  retinal  body  and  a  frontal  lens  like  structure. 

The  genital  orifice  (  $  ,  6  )  is  situated  just  back  of  the  pharyngeal 
region.  The  vctsa  deferentia  (d)  run  alongside  of  the  pharyngeal 
region  as  convoluted  tubes;  near  the  penis  they  become  enlarged 
and  serve  as  two  seminal  vesicles  (r).  The  penis-bulb  is  pyriform 
or  obconic,  and  the  penis  (p)  is  simple,  styliforra.  The  oviducts 
run  forward  from  the  female  genital  duct  or  vagina  («)  on  each 
side  to  the  germaria  or  ovaries  (o,  fig.  8),  which  are  situated  well 
forward  at  or  near  the  bases  of  the  third  and  fourth  pairs  of  gastric 
branches.  The  vitellaria  or  yolk-glands  are  very  numerous;  they  are 
clustered  around  and  between  the  gastric  branches,  together  with 
the  testes  or  spermarian  folicles  (^,  ^),  which  are  smaller  and  more 
numerous. 


A,  E.  Vetriil-^ Marine  Planariana  of  New  England.        503 

Two  rather  coDspicuous  glandular  organs  or  ^* uterine  sacs"  (x) 
are  situated  to  the  right  and  left  of  the  genital  oriiiee.  Each  one 
is  connected  with  the  genital  duct  by  a  convoluted  tube.  The  func- 
tion of  these  organs  was  not  clearly  ascertained,  but  they  probably 
are  of  the  same  nature  as  the  so-called  '^  uterine  sac "  of  other  tri- 
cladial  planarians,  which  serves  in  part  as  a  ^permatheca  or  seminal 
receptacle  and  in  part  as  a  shell -gland.  In  this  genus  their  principal 
function  is  probably  the  secretion  of  the  materials  for  the  formation 
of  the  strong,  chitinous  egg-capsules. 

Family,  Planarid^. 

Body  depressed,  more  or  less  elongated,  often  oblong  or  long- 
lanceolate  in  extension.  Head  sometimes  broader  than  the  body, 
often  with  its  lateral  or  antero-lateral  margins  a  little  produced  into 
points  or  angles,  or  somewhat  auriculate.  Tentacles  sometimes  pres- 
ent, usually  absent. 

Ocelli  commonly  a  single  anterior  pair,  with  a  frontal  lens-like  por- 
tion and  a  reniform  pigmented  body;  sometimes  three  or  more  pairs; 
sometimes  absent. 

Pharynx  single,*  tubular,  usually  cylindrical;  mouth  central  or 
subcentral.  Lateral  intestinal  branches  simple  or  dichotomously 
divided. 

Eggs  commonly  laid  in  capsules.  Some  species  are  viviparous. 
Fluviatile  and  marine. 

Fovia  Girard;  Stimpson,  emend.,  1857. 

Fovia  Girard,  Proc.  Boston  Soc.  Nat.  Hidt.,  iv,  p.  211,  1852;  Stimpson,  Prodromus, 
p.  vi,  1857;  Diesing,  op.  cit.,  Dendroc.,  p.  501,  1862;  Jensen,  Turbellaria  ad 
Litora  Norvegiffi.  p.  74.  1878. 

Body  depressed,  oblong  or  long-elliptical  in  extension,  changeable; 
back  a  little  convex,  ventral  side  flat,  the  posterior  part  most  muscu- 
lar. Front  of  head  often  slightly  produced  and  angular;  sides  of 
head  rounded,  at  other  times  a  little  prominent  or  angular. 

Ocelli  two,  anterior,  rather  large,  with  front  lens  and  reniform 
pigmented  body,  each  usually  surrounded  by  a  pale  spot. 

♦  The  fluviatile  genus  Phagocata  Leidy  is  here  excluded  from  this  family.  It 
should  be  the  typo  of  a  special  family  {Phagocatidce)  characterized  by  the  presence  of 
numerous  secondary  lateral  pharynges,  besides  the  median  central  one,  and  by 
several  other  peculiarities  of  structure.  (See  detailed  description  of  its  anatomy  and 
histology  by  W.  M.  Woodworth,  in  Bulletin  Museum  Comp.  Zool,  vol.  xxi,  pp.  1-44, 
pi  i-iv,  1891.) 
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Mouth  near  or  behind  the  middle.  Largest  lateral  branches  of 
the  stomach  usually  more  or  less  lobed  or  forked  in  the  adalt, 
simple  in  the  young.  Pharynx  large,  cylindrical.  Reproductive 
organs  not  fully  known.     Penis  conical,  simple. 

This  genus  appears  to  be  closely  related  to  Grunda. 

Fovia  affinis  ((Ersted)  Stimp. 
Planaria  affinis  (Esrted,  Entw.  syst.  Binth.  Plattwflrmer,  p.  54. 
Fbvia  affinis  Stimp.,  Prod.,  p  [6]  24,  1867;  Diesing.op.  cit..  p.  502,  1861 ;  Jensen. 

op.  cit.,  p.  74  (descr.) 
t  Vortex  Warreni  Girard.  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  iii,  pp.  264,  363,  1851. 
f  Fovia  Warreni  Girard,  op.  cit.,  vol.  iv,  p.  211,  1852 ;  Stimp.  Prod.,  p.  [6]  24, 1857: 

Diesing,  op.  dt.,  p.  229,  1862. 
Planaria  grisea  VerriU,   Rep.  Invert.  Vineyard  Sound,  etc.,  pp.   633   [399].  487 

[193],  1873. 
Ibvia  grisea  VerriU,  Check  List  Marine  Invert.,  p.  13,  1879. 
Fovia  littoralis  VerriU,  op.  cit.,  p.  13,  1879,  {f  non  MuUer  sp.). 

Plate  xli,  figures  9,  9a,  96. 

Body  very  versatile,  in  usual  extension  oblong,  widest  behind  the 
middle,  round  or  subtruncate  at  both  ends,  or  with  the  middle  of 
the  front  margin  a  little  prominent,  sometimes  contracting  into 
broad-ovate  or  cordate  forms.  The  anterolateral  angles  of  the 
head  are  often  slightly  prominent,  subangular  or  rounded,  and  very 
mobile.  Mouth  nearly  central.  Principal  lateral  branches  of  the 
stomach  mostly  bilobed,  others  simple.  The  posterior  part  of  the 
lower  surface  seems  to  be  capable  of  being  used  to  some  extent  as 
a  sucker,  for  the  creature  often  moves  with  quick  jerks,  like  a  leech, 
but  it  is  not  separated  by  any  constriction  from  the  rest  of  the  body. 

Ocelli  two,  not  far  apart,  black,  reniform,  with  a  transparent  front 
lens,  each  situated  in  a  reniform  white  patch  or  spot,  widest  out- 
wardly. 

Color  above,  yellowish,  grayish,  reddish,  or  fulvous  brown,  or 
dark  brown;  margins  and  lower  side  paler;  over  the  pharynx  and 
stomach  is  a  long,  pale  blotch  in  the  middle  above,  extending  iu 
some  examples  the  whole  length  of  the  body;  the  long  cylindrical 
pharynx  can  sometimes  be  seen  through  the  integument,  especially 
beneath,  extending  in  partly  contracted  specimens  nearly  to  the 
posterior  end.     Plate  xli,  figure  9b, 

Length  4  to  12™";  breadth  2  to  3™",  in  extension. 

Ten  Pound  I.,  Gloucester,  Mass.,  in  tide-pools  at  low-water,  and 
among  eel-grass  (Zostera)  in  the  harbor,  1878;  Casco  Bay,  Me.,  at 
low- water,  under  stones,    1873,  (var.   grisea) ;    Watch  Hill,  K.  I., 
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at  low- water  mark,  April,  1872  (A.  E.  V.),  var.  grisea.  Beverly, 
Mass.  (Girard),  var.  Warreni, 

This  species  is  not  abundant  on  our  coast.  I  have  taken  only  a 
single  specimen  of  a  dark  green  variety  (referred  doubtfully  to  this 
species)  at  Eastport,  Me.,  and  Grand  Menan,  N.  B.,  during  many 
seasons  spent  in  studying  the  fauna  of  that  region. 

Our  species  appears  to  vary  widely  in  color,  but  I  am  unable  to 
find  other  differences  sufficient  to  indicate  more  than  one  species. 
Nevertheless,  it  may  be  well  to  designate  the  principal  color- 
variations  as  varieties  until  better  known,  especially  as  they  have 
already  received  specific  names. 

Variety,  Warreni  Girard.* 
Color  red  or  reddish  brown. 

Variety,  gllsea  VerriU. 
Planaria  grisea  Verrill,  Invert.  Vineyard  Sd.,  p.  633  [339],  1873. 

Color  grayish,  yellowish  or  greenish  above,  with  a  median  whitish 
streak.     PI.  xli,  figs.  9-9ft. 

The  original  description  is  as  follows: — 

"Body  elongated  and  usually  oblong  in  extension,  often  long 
oval  or  somewhat  elliptical,  obtusely  pointed  or  rounded  posteriorly; 
head  subtruncate  in  front,  often  a  little  prominent  in  the  middle; 
the  angles  are  somewhat  prominent,  but  not  elongated.  Ocelli  two, 
black,  each  surrounded  by  a  reniform  white  spot.  Color  yellowish 
green  or  grayish,  with  a  central  whitish  stripe  in  the  middle  of  the 
back,  surrounded  by  darker;  head  margined  with  whitish.  Length, 
in  extension,  12"'~;  breadth,  S"'™." 

Watch  Hill,  R.  I.,  under  stones,  between  tides  (April,  1872). 

This  species  is  referred  to  that  of  northern  Europe  with  some 
doubt,  owing  to  our  imperfect  knowledge  of  the  internal  anatomy 
of  both  forms.     Externally  they  appear  to  agree  closely. 

*  I  should  retain  this  name  with  some  hesitation  for  this  form,  from  the  original 
description  alone,  which  is  too  indefinite  to  enable  one  to  be  certain  as  to  its  applica- 
tion to  a  species  of  this  genus,  as  now  defined.  But  as  Stimpson  had  Girard's 
original  drawings  for  examination,  and  gave  a  more  precise  definition  to  this  genus, 
it  must  be  presumed  that  F,  Warreni,  the  type,  conforms  to  his  definition. 

There  is  a  peculiar  red  planarian,  on  our  coast  (see  pi.  XL,  fig.  9),  which  agrees  well 
with  Girard's  description,  so  far  as  it  goes,  but  my  specimens  had  no  distinct  ocelli 
This  is  the  species  referred  to  F.  Warreni  by  me  in  the  Report  on  Invert,  of  Vine- 
yard Sound,  p.  033  [3.19].  1873.  Additional  studies  of  freah  specimens  are  essential, 
in  order  to  identify  it. 
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The  synonymy  of  the  European  species  is  still  doubtful,  for  some 
European  authors  refer  the  Planaria  liUorcUis  Mailer  to  this  genag, 
while  others  consider  it  identical  with  Procerodes  tUvcB  CErsted  sp. 
As  MUller's  species  is  doubtful,  I  have  preferred  to  adopt  a  later 
name,  which  appears  to  be  applicable  to  our  American  form. 

ProcerodeS  Girard. 

Procerodea  Girard,  Proc.  Boston  Soc.  Nat.  Hist,  vol.  iii,  p.  251,  1850;  Stimpaoo, 
Prodromus,  p.  [5]  23,  1867 ;  Diesing,  Rev.  Turbell.,  Dendroooelen,  pp.  491,  530, 
1861 ;  Jensen,  op.  cit.,  p.  74. 

Size  small.  Body  convex,  thickened,  more  or  less  oblong.  Head 
obtuse,  somewhat  wider  than  the  neck.  Tentacles  two,  near  to,  bat 
distinct  from,  the  antero-lateral  margins  of  the  head.  Eyes  two, 
well  developed,  situated  just  behind  the  tentacles,  furnished  with  a 
transparent  front  lens,  directed  antero-laterally,  and  a  reniform,  pig- 
mented retinal  portion.  Pharynx  long,  cylindrical.  Mouth  sub- 
median,  or  in  advance  of  the  middle  of  the  body. 

Owing  to  the  dark  color  and  opacity  of  my  specimens,  when 
living,  I  was  unable  to  observe  the  structure  of  the  reproductive 
organs,  nor  did  I  ascertain  positively  whether  the  intestinal  branches 
were  chiefly  simple  or  branched,  but  they  appeared  to  be  forked,  or 
bilobed,  in  many  cases,  at  least.  My  specimens  are  all  mounted  in 
balsam,  so  that  sections  cannot  well  be  made,  at  present.  The 
mounted  specimens  are  very  dark. 

PrOCerodeS  UlvaB  (CErsted)  Stimp. 

Planaria  ulvcb  (Ersted,  Kroyer's  Naturh.  Tidssk.,  iv,  p.  550,  1844;  Diesing,  Syst, 
vol.  i,  p.  205,  1850. 

Procerodea  Wheatlandii  Girard,  Proc.  Boston  Soc.  Nat.  Hist,  iii,  p.  251,  1851; 
Stimpaon,  Prod.,  p.  6,  1857;  Diesing,  Revis.  Turbell.,  Abtheil.,  Dsndroc.,  p.  520, 
1861 ;  Verrm,  Invert.  Vineyard  Sd.,  etc.,  p.  633  [339],  1873. 

Procerodes  ulvm  Stimpson,  Prod.,  p.  6,  1857  ;  Diesing,  Revis.  Turbell.,  p.  521 ;  Jen- 
sen, Turbell  Lit.  Norvegiae,  p.  74,  1878. 

Planaria  frequens  Leidy,  Marine  Invert.  Fauna  of  Rhode  I.  and  New  Jersey,  p. 
11,  1855,  in  Journ.  Philad.  Acad.  Nat.  Sci.,  ser.  2,  vol.  iii,  p.  14. 

Procerodes  frequens  Stimp.,  op.  cit.,  p.  6;  Diesing,  Rev.  Turbell.,  p.  521;  Verrill. 
op.  cit.,  p  325  [31]. 

Plate  xu,  figure  10;  Plate  xlu,  figures  11,  llo. 

Body,  in  ordinary  extension,  oblong-oval,  rather  wider  posteriorly 
than  anteriorly,  broadly  rounded  at  the  posterior  end,  convex  dor- 
sally  and  flattened  beneath;  the  neck  narrows  decidedly  in  normal 
extension.     Head  distinctly  wider  than  the  neck,  rounded  in  front. 
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Tentacles  whitish,  when  extended  a  little  elongated  and  tapered  to 
a  point,  but  capable  of  complete  retraction  and  usually  not  visible 
in  preserved  specimens,  though  their  position  may  be  indicated  by 
small  white  spots;  they  are  situated  near  the  antero-lateral  margins 
of  the  head,  but  not  on  the  margins.  Eyes  rather  large,  black,  but 
not  easily  seen,  owing  to  the  dark  color  of  the  integument.*  Mouth 
submedian. 

Pharynx,  as  retracted  in  mounted  specimens,  long,  rather  narrow, 
cylindrical,  equal  to  a  third,  or  even  nearly  half  the  length  of  the 
body,  its  posterior  end  reaching  back  to  about  the  posterior  fourth 
of  the  body. 

Color,  above,  dark  smoky  brown  or  blackish,  often  with  a  more 
or  less  distinct  stripe  of  light  gray  or  yellowish  white  along  each 
side  of  the  back,  sometimes  mottled  with  darker  and  lighter  brown; 
beneath  paler ;  tentacles  and  margins  of  head  whitish. 

Length  4  to  6™"";  breadth  1  to  l-5'»°\ 

New  Haven  to  Bay  of  Fundy.  Point  Judith,  R.  I.,  (Leidy) ;  Man- 
chester, Mass.,  (Girard).  I  have  collected  it  at  New  Haven,  Conn., 
Newport,  R.  I.,  Wood's  Holl,  Mass.,  Casco  Bay,  Me.,  etc.  It  is 
found  also  on  the  northern  coasts  of  Europe.  Found  near  low- 
water  mark  under  stones,  and  in  tide-pools,  among  algse. 

This  species  is  active  in  its  habits.  It  has  a  singular  resemblance 
to  some  of  the  small  land  slugs  in  form  and  mode  of  progression. 
Its  egg-capsules  are  unknown  to  me. 

Part  II. — Acoda. 

The  acoelous  planarians  of  our  coast  have,  hitherto,  received  but 
little  attention.  Besides  the  few  species  noticed  below,  I  have 
observed  several  others,  but  not  with  sufficient  care  to  enable  me 
to  give  satisfactory  diagnoses.  Some  of  the  species  are  very  com- 
mon among  algae  and  eel-grass  in  shallow  harbors. 

The  Accpla  are  remarkable  for  the  absence  of  any  distinct  mem- 
brane lining  the  digestive  cavity,  so  that  no  distinction  can  be  made 
between  the  body-cavity  and  digestive  cavity.  This  cavity  is  lined 
with  a  loose  cellular  parenchyma  and  has  an  indeterminate  outline; 
it  is  often  very  large  and  usually  filled  with  large  numbers  of  small 
crustaceans,  diatoms,  and  various  other  organisms. 

The  mouth  is  often  at,  or  near,  the  anterior  end  of  the  body,  but 

*  The  eyes  are  not  diBtinctly  shown  yo  the  figure  (pi.  XLi,  fig.  10),  owing  to  the 
dark  ahadiog. 
Trans.  Conn.  Acad.,  Vol.  VIII.  66  January,  1893. 
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it  may  be  near  the  middle  of  the  ventral  side,  or  even  behind  the 
middle.  It  is  often  large  and  is  sometimes  simple,  bat  more  fre- 
quently it  is  surrounded  by  a  slightly  developed  muscular  ring  or 
collar  ;  more  rarely  there  is  a  rudimentary  pharynx.  The  integu- 
ment is  generally  filled  with  clusters  of  rhabdites.  There  is  often  a 
peculiar  glandular  frontal  organ  opening  at  the  anterior  end. 

The  brain,  longitudinal  nervous  trunks,  and  nervous  branches  are 
present,  but  not  so  well-defined  as  in  the  previous  groups.  A  pair 
of  ocelli  may  be  present,  but  are  oftener  absent.  A  median  otocyst 
is  almost  always  present.  Posterior  tentacle-like  organs  or  cirri 
are  sometimes  present. 

The  reproductive  organs  are  variable  in  structure  and  position. 
Sometimes  there  is  but  a  single  genital  pore,  but  usually  there  are 
two  median  ones,  posteriorly  situated,  the  male  orifice  being  be- 
hind the  female.  The  ovaries  are  usually  lateral  and  paired ;  special 
yolk-glands  are  not  developed.  A  bursa  seminalis  or  spermatheca 
may  be  present,  or  absent;  sometimes  there  are  two.  The  tester 
are  folicular  and  imbedded  in  the  parenchyma.  The  penis  may  be 
simple  or  armed;  a  seminal  vesicle  is  usually  present.  Egg^  are 
usually  enclosed  in  capsules. 

The  external  form  is  exceedingly  varied.  Many  species  are  flat, 
broad-elliptical  or  ovate ;  others  are  long  and  narrow  ;  some  are 
nearly  terete;  others  are  angular  in  outline.  Some  species  {Convo- 
luta)  habitually  curl  the  sides  of  the  body  inward  and  downward, 
so  that  they  appear  narrower  than  they  really  are.  The  size  is 
generally  small,  the  colors  often  bright. 

Family,  Aphanostomid^  Graff,  Monog. 

Body  usually  more  or  less  flattened,  elliptical,  ovate,  or  cordate, 
long  or  short,  frequently  with  the  sides  curved  downward.  Moath 
ventral,  behind  the  otocyst,  often  median  or  submedian.  Pharynx  ru- 
dimentary or  wanting.  Otocyst  present.  Ocelli  sometimes  two,  often 
absent.  Genital  orifices  separate.  Penis  simple,  unarmed.  Bursa 
seminalis  well-developed,  with  one,  two,  or  several  tubular  outlets. 

Aphanostoma  (Ersted. 

Kroyer's  Naturhist.  Tidssk.,  ser.  2,  vol.  i,  p.  417,  1845;  Carua,  Fauna  Med.,  p.  139, 

1884,-  Graff,  Monog.,  p.  220;  Graff,  Turbell.  Acoela,  pp.  55,  59,  1891. 
^j3Aano5to7/ium  Jensen,  Turbell.  Lit.  Norvegiae,  p.  22,  1878. 

Body  more  or  less  flattened,  oblong,  ovate,  or  elliptical ;  usually 
narrowed  posteriorly.     Mouth  circular,  before  or  near  the  middle. 
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A  rudimentary  pharynx.  Otocyst  Bingle,  near  the  anterior  end. 
Otolith  usually  well  developed.  No  ocelli.  Frontal  glandular 
organs  present. 

Genital  apertures,  posterior;  the  male  behind  the  female.  Sper- 
marian  folicles  numerous,  lateral.  Openings  of  the  lmr»a  seminaltB 
without  chitinous  parts.     Ovaries  paired,  lateral. 

Aphanostoma  diversicolor  (Ersted. 

Krojer^s  Kaiurhist.  Tidssk.,  ser.  2,  vol.  i,  p.  417,  1845;  Carus,  op.  cit,  p.  139; 
Qraflf,  Monogr.,  p.  220;  Graff,  Turbell.  Accela»  p.  59,  pi.  5,  fig.  4,  1891,  section. 

Aphanostomwn  diversicolor  Jensen,  Turbell.  ad  Lit.  Norvegi»,  p.  26,  pi.  i,  figs.  12 
to  21,  1878,  anatomy. 

Plate  xlh,  fiouhb  8. 

Body  very  changeable,  in  extension  usually  long-oval  or  elliptical, 
obtuse  anteriorly,  or  tapering  to  both  ends,  but  most  so  posteriorly; 
only  a  little  depressed;  in  contraction  short-ovate  and  thick. 

Color  variable,  generally  with  a  sulphur-yellow  spot  on  the  ante- 
rior end  and  another  on  the  back;  a  large  spot  of  bluish  or  viola- 
ceous usually  covers  more  or  less  of  the  back,  and  is  sometimes 
divided  posteriorly  by  a  V-shaped  white  line ;  lateral  borders 
whitish.  Mouth  subcentral  beneath.  A  cluster  of  frontal  glands 
is  connected  with  a  pore  at  the  anterior  end  of  the  body.  Otocyst 
small,  much  obscured  by  the  pigment,  gibbous,  situated  at  about 
the  anterior  eighth. 

Length,  in  extension,  1-5  to  2™°";  breadth  0*25  to  0-35"". 

Newport,  R.  I.,  July  29,  1880,  among  algsB  at  low- water  mark. 
It  occurs  on  the  coasts  of  Norway  and  Great  Britain,  and  in  the 
Mediterranean  at  Naples,  Trieste,  etc. 

Aphanostoma  aurantiacum  sp.  nov. 

Plate  xlu,  fioubes  10,  10a. 
Body  long-ovate  in  extension,  depressed,  broadest  in  front  of 
the  middle,  usually  bluntly  rounded  anteriorly,  but  very  soft  and 
changeable.  Otocyst  rather  large,  conspicuous,  situated  at  about 
the  anterior  eighth,  gibbous,  containing  an  inverted  cup-shaped  or 
bell-shaped  otolith,  situated  at  the  anterior  side  of  the  nearly  circu- 
lar and  transparent  vesicle.  The  otolith  is  almost  continually  in 
motion;  while  living.  Ground-color  light  ocher-yellow,  everywhere 
thickly  covered  with  small,  distinct  spots  or  specks  of  bright  orange- 
red,  thus  giving  the  whole  surface  an  orange-yellow  color,  paler 
towards  the  margins.     Reproductive  organs  are  unknown. 
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Length  about  1-5°^'°;  breadth  0-35  to  O-SO"*"*. 

Newport,  R.  I.,  at  low- water  mark,  among  algae,  July  29,  1880. 

This  species  is  only  provisionally  referred  to  the  genus  Aphano$- 
tomUf  for  its  internal  anatomy  was  not  studied.  The  specimens 
were  lost. 

Aphanostoma  olivaceum  sp.  nov. 

Plate  xlii,  figure  9. 

Body  ovate,  broadest  anteriorly,  rather  thick,  convex.  Otocyst 
conspicuous,  at  about  the  anterior  eighth.  Mouth  rather  behind 
the  middle  ;  digestive  cavity  large,  behind  the  middle ;  in  the  ex- 
ample figure  it  contained  an  amphipod  crustacean. 

The  ovaries  are  large,  lateral ;  posteriorly,  the  oviducts  are  filled 
with  two  or  three  rows  of  large  ova,  which  are  dark  green  in  color. 
The  female  orifice  is  about  midway  between  the  posterior  border  of 
the  digestive  cavity  and  the  male  orifice.  The  latter  is  near  the 
posterior  margin,  in  the  center  of  a  pale  spot.  It  is  flanked  on  each 
side  by  two  small  vesicles  (probably  seminal  vesicles) ;  two  larger 
saccular  organs  (perhaps  the  posterior  part  of  vasa  deferentia)  run 
forward  and  diverge,  but  their  nature  was  not  certainly  ascertained' 
owing  to  the  dark  color  of  the  integument.  The  form  and  structure 
of  the  penis  and  spermatheca  were  not  observed,  for  the  same  reasoo 

Color  dark  olive-green,  or  brownish  green. 

Length  2™'";  breadth  about  1'6°™. 

Provincetown,  Mass.,  at  low-water  mark,  among  filamentous  algie, 
Aug.  14,  1879. 

This  species  is  referred  to  Aphanostoma  only  provisionally,  for 
its  reproductive  organs  are  imperfectly  known.  It  has  considerable 
resemblance  to  certain  species  of  Mecynoatoma, 

Polychoerus  Mark. 

Festschrift  fur  Leuckart,  p.  298,  Oct.,  1892. 

Body  flattened,  changeable  in  outline,  usually  cordate  or  ovate, 
narrowest  anteriorly,  emarginate  or  bilobed  posteriorly,  with  one  to 
five  slender,  contractile  caudal  cirri.  The  lateral  margins  are  usually 
not  inflexed.  Mouth  central  or  nearly  so,  with  simple  muscular 
margins.  No  proper  pharynx.  Digestive  cavity  large,  separated 
posteriorly  from  the  genital  area  by  tissues  more  dense  than  those 
of  other  parts. 

Otocyst  small,  round,  sometimes  indistinct  or  wanting;  otolith 
cup-shaped. 

Brain  distinctly  bilobed;  each  ganglion  is  somewhat  stellate  in 
form,  and  gives  off  three  main  nerves:  anterior,  lateral,  and  poste- 
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rior.  The  superficial  nerves  are  extensively  anastomosed,  so  as  to 
form  a  network  of  irregular  meshes. 

.  Ovaries  large,  on  each  side  of  the  digestive  cavity;  oviducts  large, 
often  much  distended  posteriorly  by  clusters  of  large  mature  ova. 
Spermarian  folicles  numerous,  situated  on  each  side  of,  and  often 
extending  nearly  or  quite  around,  the  digestive  cavity.  Viasa  de- 
ferentia  large,  more  or  less  saccular  posteriorly,  when  distended 
with  their  contents,  and  connected  with  a  circular  seminal  vesicle 
surrounding  the  base  of  the  penis. 

The  penis  is  unarmed  and  in  contraction  ovoid  or  conical,  but 
rather  long,  tapered,  and  usually  somewhat  curved  when  fully  ex- 
tended.    (See  plate  xliv,  figs.  6,  8,  9). 

The  male  orifice  is  near  the  posterior  margin,  in  front  of  the 
median  caudal  cirrus. 

The  female  orifice  is  situated  a  little  farther  forward  and  com- 
municates with  a  simple  tubular  vagina,  which  runs  up  dorsally 
beneath  the  saccular  spermatheca. 

Spermatheca  or  bursa  seminalis  is  large,  complex,  reniform  or 
cordate,  with  numerous  chitinous  outlet-tubes  scattered  over  the 
surface. 

Rhabdit^s  and  pigment-corpuscles  are  contained  in  the  integument. 

Polychcerus  caudatus  Mark. 

Mark,  op.  cii,  pp.  298-309,  pL  xxi,  fig8.  1-22,  anatomy. 

Plate  xu,  piourbs  II,  11a;  plate  xliv,  figures  6  to  10. 

Body  depressed,  flat  or  concave  beneath,  somewhat  convex  above, 
•and  often  gibbous  or  swollen  dorsally,  when  filled  with  ova  ;  in 
extension  varying  from  broad  cordate  to  narrow-ovate,  according 
to  the  state  of  contraction  ;  front  end  bluntly  pointed  or  evenly 
rounded  ;  sides  often  nearly  parallel  ;  posterior  end  usually  deeply 
emarginate,  with  a  broad  median  notch  and  rounded  lobes  each  side 
of  it ;  margin  thin,  sometimes  inflexed,  especially  when  swimming. 

Caudal  cirri  one  to  five.  In  adult  examples  there  are  generally 
three  slender,  pale,  translucent  caudal  cirri,  one  of  which  is  median, 
while  the  others,  which  are  usually  a  little  smaller,  &rise  from  near 
the  inner  border  of  the  posterior  lobes.  Sometimes,  in  large  speci- 
mens, another  smaller  pair  is  developed  external  to  the  latter,  on 
the  posterior  lobes  (pi.  xliv,  fig.  6).  In  young  specimens  the 
median  cirrus  appears  first.  The  cirri  all  arise  at  a  slight  distance 
from  the  margin,  on  the  dorsal  side.  Each  one  can  be  retracted 
into  a  small,  basal,  bulb-like,  muscular,  invaginated  cavity  of  the 
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integument.     The  caudal  cirri  are  often  lost  by  injuries,  but  are 
quickly  reproduced. 

The  otocyst  is  small,  circular,  situated  well  forward  at  about  the 
anterior  fourth;  otolith  cup-shaped.  In  some  specimens  the  otocyst 
appears  to  be  rudimentary  or  wanting ;  in  many  it  can  scarcely  be 
seen  while  living,  owing  to  its  small  size  and  the  great  amount  of 
pigment  in  the  integument;  in  others  it  is  easily  visible. 

Mouth  central  or  subcentral,  simple,  circular  or  transversely  ellip- 
tical, highly  dilatable,  surrounded  by  circular  muscular  fibers.  The 
digestive  cavity  is  capacious,  more  or  less  irregular  in  outline.  It  is 
usually  filled  with  various  Entomostraca  and  other  small  crustaceans. 

The  genital  openings  are  small,  round,  near  together,  and  usually 
not  very  distinct.  The  male  orifice  is  a  little  in  advance  of  the  base 
of  the  median  caudal  cirrus.  The  penis,  as  seen  from  beneath  and 
foreshortened  in  mounted  specimens,  is  usually  ovoid  or  conical; 
when  protruded  it  is  rather  elongated,  cylindrical  or  tapered,  often 
curved,  with  a  conical  tip.  Its  base  is  suiTOunded  by  a  circular 
seminal  vesicle  (pi.  xliv,  figs.  6-10,  r)  which  receives  the  vasa  dtf- 
erentia  {d)  on  the  right  and  left  sides.  The  latter  are  voluminous, 
more  or  less  saccular  and  contorted  posteriorly,  when  filled  with 
their  contents. 

The  spermarian  folicles  (J)  are  small,  numerous,  pyriform,  and 
extend  along  each  side  above  and  partly  external  to  the  ovaries  and 
oviducts,  as  far  as  the  anterior  margin  of  the  digestive  cavity, 
where  they  converge  and  nearly  or  quite  blend  at  the  median  line, 
when  fully  developed. 

The  oviducts  are  large  and  saccular  and  lie  close  to  the  digestive  • 
cavity,  on  each  side;  posteriorly  they  are  often  much  swollen  by 
large  clusters  of  relatively  large  mature  ova,  of  which  there  are 
often  six  to  ten,  arranged  in  two  or  three  rows,  in  each  cluster; 
those  farthest  back  often  crowd  against  and  more  or  less  distort 
and  conceal  the  spermatheca  and  other  organs,  and  make  that  part 
of  the  body  gibbous  externally. 

The  spermatheca  (figs.  6,  7,  8,  s)  is  large,  glandular  and  saccular 
dorsally,  variable  in  shape,  but  when  least  crowded  it  is  generally 
broad-cordate  or  reniform  ;  the  emargination  of  the  posterior  side 
includes  the  female  orifice  and  vagina.  Its  ventral  surface  is 
covered  with  small  brownish,  chitinous,  conical  outlet-tubes  or 
"  mouth-pieces,"  differing  in  size  and  varying  in  number  in  differ- 
ent specimens  from  six  or  eight  up  to  thirty  or  forty;  most  fre- 
quently twelve  to  fifteen  fully  developed  ones  and  several  smaller 
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ones  can  be  seen. .  Each  of  these  is  surrounded  at  base  by  a  circle 
of  glandular  cells.* 

In  small  specimens  the  male  organs  are  often  well  developed 
before  the  female  organs  appear. 

According  to  Professor  Mark,  the  spermatozoa  are  long  and  fili- 
form, thickest  in  advance  of  the  middle,  with  a  very  slender  anterior 
portion,  more  active  and  more  attenuated  than  the  posterior  portion. 

Color  usually  brick-red  or  dark  orange-red,  sometimes  pale  red, 
with  a  central  paler  spot  over  the  digestive  cavity,  and  usually  with 
a  circular  or  horse-shoe-shaped  region  of  darker  brownish  red  color 
over  the  ovaries,  and  almost  entirely  surrounding  the  digestive 
region,  interrupted  posteriorly;  margins  pale;  caudal  cirri  translu- 
cent, whitish;  ventral  surface  yellowish. 

The  orange  color,  according  to  Professor  Mark's  observations,  is 
due  to  clusters  of  two  kinds  of  minute  pigraent-corpuscles.  Of 
these,  the  most  numerous  are  greenish  yellow;  the  others,  which  are 
smaller  and  less  numerous,  are  purplish.  The  pale  median  patch  is 
caused  by  whitish,  mostly  rod-like,  corpuscles.  Clusters  of  cigar- 
shaped  rhabdites  are  also  scattered  in  the  integument. 

Length  3  to  4'"™;  breadth  15  to  2"°^. 

Common  from  Great  Egg  Harbor,  N.  J.  to  Casco  Bay,  Me.;  espe- 
cially in  sheltered  harbors,  adhering  to  eel-grass  (Zostera)  and  creep- 
ing over  the  vegetable  debris,  shells,  etc.,  on  the  bottom  in  shallow 
water,  where  it  is  often  extremely  abundant. 

I  have  taken  it  in  large  numbers,  especially  in  New  Haven  Har- 
bor, 1865  to  1870;  Noank,  Conn.,  1874;  Newport,  R.  I.,  1880; 
Wood's  Holl,  Mass.,  1871,  1876,  1881  to  1887.  At  Quahog  Bay, 
Me.,  in  1873,  I  found  it  in  small  numbers,  but  have  not  observed 
it  farther  north. 

I  have  been  familiar  with  this  species  for  many  years,  and  havfe 
had  several  drawings  and  descriptions  of  it  made  as  early  as  1874 
and  1875,  but  had  put  them  aHide  with  those  of  various  other  Tur- 
bellaria.f      Not   knowing   that   Professor  Mark  had  worked  upon 

♦  Professor  Mark  (op.  cit.)  describes  some  of  these  "  mouth-pieces,"  observed  by 
bim^  as  filled  with  the  filiform  spermatozoa,  with  clusters  of  them  hanging  from  the 
basal  portion.  He  also  observed  large  masses  of  spermatozoa  in  the  dorsal  cavities 
of  the  spermatheca,  with  which  the  *'  mouth-pieces  "  communicate.  The  vagina  ter- 
minates in  proximity  to  the  dorsal  cavities  of  the  spermatheca. 

f  fn  the  summer  of  1874,  while  m  charge  of  the  invertebrate  zoology  of  the  U.  S. 
Fish  Com.,  at  .Voank.  Conn.,  I  had  the  pleasure  of  studying  this  species  in  company 
with  the  late  Professor  Joseph  Leidy,  who  was  much  interested  in  its  anatomy.  For 
that  reason  in  my  MSS.  notes  I  had  named  it  in  honor  of  Professor  Leidy. 
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it,  and  before  his  excellent  paper  had  been  published,  I  had  resumed 
the  study  of  the  species  and  prepared  descriptions  of  the  genus 
and  species  for  this  article.  Having  received  Professor  Mark's 
paper,  just  as  the  last  pages  of  my  own  were  going  to  press,  I  have 
been  able  to  add  several  additional  anatomical  facts  of  importance, 
which  I  had  not  personally  observed.  Professor  Mark,  in  his  paper, 
moreover,  describes  in  detail  the  nervous  system,  and  also  numerous 
additional  features  not  here  referred  to,  or  only  briefly  mentioned. 

My  own  conclusions,  in  regard  to  the  essential  structure  and 
affinities  of  the  genus,  were  perfectly  in  accord  with  those  of 
Professor  Mark.  The  few  additional  details  that  I  have  given  in 
the  preceding  description  are  due  to  the  larger  series  that  I  have 
had  for  study,  or  to  their  different  modes  of  preservation. 

Professor  Mark  informs  me  that  he  has  found  the  egg-capsules  of 
this  species  in  abundance  on  dead  shells  and  stones  in  the  harbor  of 
Wood's  Holl,  Mass.  They  are  circular,  flat  on  the  lower  side,  by 
which  they  are  attached,  and  a  little  convex  on  the  upper  side,  with 
thin  margins.  I  have  not  met  with  them  myself.  In  several  in- 
stances I  have  seen  living  young  individuals  in  the  interior  of  the 
body  of  adults,  but  it  is  quite  possible  that  they  had  been  swallowed 
as  food  with  other  small  prey.  The  mode  of  depositing  the  egg- 
capsules  is  unknown.  There  seems  to  be  no  special  opening  adapt-ed 
to  that  purpose.  Possibly  they  escape  from  the  mouth.  The  speci- 
men figured  on  pi.  xli,  fig.  11a,  appears  to  contain  egg-capsules  in 
process  of  formation,  but  as  the  specimen  was  not  preserved,  this 
cannot  now  be  confirmed. 

Doubtful  Species. 
TyphlOCOlaX  aCUtUS  Stimpson,  Prod,  p.  3,  1857. 

Typhlolepta  acuta  Girard,  in  Stimpson,  Invert.  Grand  Manan,  p.  27,  1853;  Diesing. 
Rev.  Turbell.,  p.  623,  1861. 

"  Body  depressed,  ovoid,  elongated,  posteriorly  rounded ;  anterior 
extremity  terminating  in  an  acute  point;  mouth  underneath,  and 
situated  at  about  the  middle  of  the  body.  Length  about  a  sixteenth 
of  an  inch.  Ground  color  pale,  with  reddish  confluent  blotches 
above.  Found  in  considerable  numbers  creeping  over  the  surface 
of  Chirodota  loemsy 

Dr.  Stimpson  (Prodromus,  p.  3)  referred  this  genus  and  species  to 
the  Digonopora,  but  its  internal  structure  was  not  known  to  him. 
It  is  more  probable  that  it  belongs  to  the  AcoBla  or  Rhabdoccela.  I 
have  not  observed  it  myself,  although  I  have  collected  numerous 
specimens  of  the  holothurian,  on  which  it  is  said  to  be  parasitic,  in 
the  original  locality. 
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EXPLANATION  OF  PLATES. 


Plate  xl. 

Figure  1. — Imogine  oaUifera  Girard,  p.  476.    Dorsal  view  of  t  yoaog  Kving  epednm 

with  dendritic,  rose-colored  makings;   x  20.     Wood's  HoU,  Mass. 
Figure  2. — Eustylochus  eUipticus  (Girard)  V.,  p.  467.     Dorsal  view  of  a  liTing  speci- 
men, much  compressed;    x  6.     Savin  Rode,  near  New  Haven,  Conn.,  IS68. 
Figure  B.—Stylochus  zebra  V.,  p.  463.      Dorsal  view  of  a  living  specimeo;  x4. 

Wood's  Holl,  Mass.,  Sept.  23,  1882. 
Figfure  4. — Planocera  nehulosa  Girard,  p.  472.     Dorsal  view  of  a  living  specimen,  xS. 

New  Haven,  Conn.,  1870. 
Figure  5. — Leptoplana  eUipaoides  Girard,  p.  483.    Dorsal  view  of  a  living  spedmeB; 

x5.     Eastport,  Me.,   1870,  at  low-water.    Color  orange-brown  witii  iiregubr 

spots  of  dark  brown  and  small  specks  of  white.    (T%e  clusters  of  oo^li  occopy 

UDUSual  positions,  owing  to  a  peculiar  state  of  contraction). 
Figure  ^.—Leptoplana  eUipaoides.    Dorsal  view  of  a  large  example,  from  life,  in  tbt 

act  of  creeping;   x4.     Eastport,  Me.,  August  10,  1872. 
Figure  7. — Discocelis  mutahilis  V.  (?),  p.  493.     Dorsal  view  of  a  young  living  sped- 

men;  much  enlarged.     Surface,  Wood's  Holl,  Mass.,  August  16,  1883.    TrsM- 

parent,  with  yellow  spots  around  the  margin. 
Figure  8. — Leptoplana  angusta  V.,  p.  485.     Dorsal  view  of  a  young  living  exaapk 

x  10.    Provincetown,  Mass.,  from  the  bottom  of  a  whaler. 
Figure  9. — Fovia  affinis  (?).  See  foot-note,  p.  506.     Dorsal  view ;  x  6.    Noaok,  Odbb^ 

in  harbor,  July  16,  1874. 
Figure  \(i.—BdeUoura  Candida  Girard,  p.  499.    Ventral  view  (a),  from  life;  donil 

view  (6) ;  about  natural  size ;   106,  the  same,  posterior  sucker ;   x  4. 

Figures  1,  3,  6,  7,  10  were  drawn  from  life  by  J.  H.  Emerton;  figure  9  by  J.  H. 
Blake;  the  rest  by  the  author. 

Plate  xu. 

Figure  1. — Eustylochus  eUipticus  (Girard)  V.,  p.  467.     Dorsal  view  of  a  living  sped- 

men;    x4.    la,  the  same,  one  of  the  tentacles;  more  enlarged.    Newpoft,  R.  L. 

on  piles  of  railroad  bridge.     August  20,  1880. 
Figure  2. — Eurylepta  maculosa  V.,  p.  496.     Dorsal  view  of  a  living  ^lecimen ;   x  t 

Wood's  Holl,  Mass.,  on  piles,  July  16,  1881. 
Figure  3. — The  same.    Dorsal  view  of  a  living  specimen ;    x  6.    Naushoo  Island,  at 

low-water  mark,  August  20,  1887. 
Figure  4. — Trigonoporus  dendriticus  Y .,  p.  491.     Dorsal  view  of  a  living  spenmsa; 

x4.      Sta.  317,  off  Cape  Cod,  25  fath.,   1879.      Color  light  pink  with   a   pak 

central  area.    (The  clusters  of  ocelli  are  too  angular  and  definite.) 
Figure  b.—Trigimopm-us  folium  V.,  p.  487.    Dorsal  view  from  life;    x2.     Fig.  5« 

the  same,  ventral  view.     Sta.  784,  off  Point  Judith,  R.  L,  in  20  fath.,  1880. 
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Figure  6.— TH^onoporutf/o^ftim  v.,  p.  487.    Dorsal  view  of  a  living  specimen;    x5. 

Sta.  134,  off  Cape  Ann,  Mass.,  in  26  fath.,  July  23,  1878.    Color  yellowish  brown 

with  the  gastric  region  and  margins  pale ;  ganglions  and  nerves  pink. 
Figure  7. — Leptoplana  variabilis  (Girard).    No.  20,  p.  480.    Dorsal  view,  from  life; 
x6.    Sta.  166,  off  Gloucester,  Mass.,  42  fath.,  Aug.  15,  1878.      Color  yellowish 

brown  with  pale  margins  and  central  stripe.    The  clusters  of  cerebral  ocelli  are 

too  long  and  too  divergent 
Figure  S. — BdeUoura  Candida  Girard,  p.  499.     Dorsal  view  of  a   living  specimen 

slightly  compressed  between  glasses,  and  seen  by  transmitted  light ;    x  3. 
Figure  9. — Fovia  affinis  ((Ers.)  Stimp.  (var.  grisea  V.),  p.  504.    Dorsal  view  of  a  living 

specimen ;    x  6.    Fig.  9a,  the  same  specimen  strongly  contracted  while  living ; 

X  6.    Pig.  96,  the  same ;  dark-brown  variety.    Ventral  view  of  a  living  specimen, 

seen  by  transmitted  light;  x3.    Gloucester,  Mass.,  on  eel-grass  {Zo8tera\  1878. 

Figure  10. — Procerodes  ul/fm  ((Ers.)  Stimp.,  p.  506.     Dorsal  view  of  a  living  specimen ; 

X  8.     Casoo  Bay,  at  low-water  mark,  1873.    The  ocelli  are  not  shown,  owing  to 

the  dark  shading. 
Figure  U. — Polycharus  caudatus  Mark,  p.  511.     Dorsal  view  of  a  living  specimen; 

x20.    Noank,  Csonn.,  July  30,  1874.    The  caudal  cirri  should  have  been  left 

without  color. 
Figure  Ua. — The  same.     Another  individual  seen  as  a  transparent  object,  slightly 

compressed  between  glasses.     Wood's  Holl,  Mass.,   1881.     The  bilobed  body, 

covering  the  region  of  the  spermatheca,  was  probably  an  egg-capsule  (or  two  of 

them)  in  process  of  formation  (see  p.  514). 
Figures  3  and  11  were  drawn  by  J.  H.  Blake;  4,  6,  7,  8,  96  by  the  author;  the 
rest  by  J.  H.  Emerton. 

Plate  xlii. 

Figure  1. — Eustylochua  ellipticue  (Girard)  Y.,  p.  466.  Dorsal  view  of  a  living  speci- 
men ;  x  6.    New  Haven  Harbor,  Oct.,  1892. 

Figure  la. — The  same  specimen.  Ventral  view;  x6;  6,  one  of  the  tentacles;  c, 
brain ;  /,  pharynx ;  m,  mouth ;  d,  vas  deferens ;  r,  seminal  vesicle ;  p,  pern's ;  p', 
penis-bolb  and  granular  gland;  j,  male  orifice;  9,  female  orifice;  a,  sperma- 
theca ;  8^^  duct  of  the  same;  v,  vagina;  u,  large  oviduct  or  uterine  sac;  z,  orifice 
of  the  median  nephridial  tube  (z'). 

Figure  16. — The  same.  Male  genital  organs  of  a  young  mounted  specimen ;  much 
enlarged ;  d  (2,  vasa  deferentia ;  r,  seminal  vesicle ;  p,  penis ;  p%  penis-bulb  and 
granular  gland.     New  Haven  Harbor,  Oct.,  1892. 

Figure  2. — Siylockus  zebra  V.,  p.  463.  Ventral  view  of  a  living  specimen ;  x4;  /, 
pharynx;  m,  mouth;  (/,  vas  deferens;  ^,  male  orifice;  $.  female  orifice ;  w^ 
shell-glands.    Oft  New  Haven. 

Figure  2a. — The  same.  Dorsal  view  of  the  head  and  anterior  portion  of  another 
specimen  from  the  same  locality,  from  life ;  x  4. 

Figure  3. — Flanocera  nebulosa  Girard,  p.  473.  Genital  organs  of  a  young  specimen ; 
much  enlarged.  New  Haven  Harbor,  Oct.,  1892.  d^  vas  deferens;  r,  seminal 
vesicle;  r',  its  duct;  p,  penis  and  penis-sheath;  p',  penis-bulb  and  granular 
gland ;  $  ,  male  orifice ;  $ ,  female  orifice ;  v,  vagina ;  s,  spermatheca. 

Figure  4. — I¥ig<moparu8  dendriticus  V.,  p.  491.  Ventral  view  of  a  specimen  mounted 
in  balsam ;  x  6.    Station  317,  off  Cape  Cod,  1879. 
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Figure  4a. — The  same  specimeD.  Brain  and  clusters  of  ocelli ;  x  25 ;  c,  brain ;  ', 
cerebral  ocelli ;  e^,  dorsal  ocelli ;  g^  g^  anterior  branches  of  the  stomach.  Fig.  46. 
cerebral  ocelli  of  the  same  specimen ;  x  25. 

Figure  6. — Trigonopwua  folium  V.,  p.  487.  Ventral  view  of  a  specimen  mounted  in 
balsam;  x  6.  Bastport,  Me.,  1670.  Fig.  5a,  ocelli  of  the  left  side  of  the  same 
specimen,  x  20 ;  «,  cerebral  cluster ;  0^  dorsal  cluster.  Fig.  5d,  ocelli  of  the  right 
side  of  the  same  specimen ;  x  25 ;  e,  cerebral  cluster ;  e^  dorsal  duster. 

Figure  6. — IHacocelis  mutahilis  V.,  p.  493.  Dorsal  view  of  the  original,  type-speci- 
men mounted  in  balsam ;  x  8.    Thimble  Islands,  1872. 

Figure  6a. — The  same  specimen.  Clusters  of  ocelli ;  x  25 ;  e,  cerebral,  and  ^^  dorgal 
clusters  of  ocelli. 

Figure  7. — Discocelw  mutabilis  V.  (?),  young,  p.  494.  Dorsal  and  cerebral  ocelh  of  a 
mounted  specimen;  x  25.     Wood's  Holl,  Mass.,  1882. 

Figure  8. — Aphanostoma  diversicolor  ((Erst.),  p.  509.  Dorsal  view  of  a  living  speci- 
men;   x20.     Newport,  R.  I.,  1880. 

Figure  9,-'Apfianostoma  olivaceum  V.,  p.  510.  Ventral  view  of  a  living  specimen: 
xl2;  ot^  otocyst;  ^,  digestive  cavity  containing  an  amphipod  crustacean;  «, 
large  oviduct  containing  ripe  ova ;   9  ,  female  orifice ,  ^  ,  male  orifice  and  penis. 

Figure  10. — Aphanostoma  aurantiacuvi  V.,  p.  509.  Dorsal  view  of  a  living  speci- 
men; x20. 

Figure  10a. — ^The  same  specimen.     Otocyst;  more  enlarged. 

Figure  11. — Procerodes  uIvcb  ((Erst),  p.  506.  Dorsal  view  of  head  of  a  living  speci- 
men;  X  12.     Oasco  Bay,  Me.,  1873. 

Figure  11a. — The  same.  Dorsal  view  of  another  specimen  mounted  in  balsam  ;  x  s; 
0,  ovaries ;  /,  pharynx ;  p,  penis ;  $  ^  ,  common  genital  orifice.  (In  thin  figure 
the  number  and  form  of  the  gastric  branches  are  partly  diagramatic,  for  many  of 
them  could  be  seen  only  indistinctly). 

Figures  1,  la,  2,  2a,  4,  4a,  5,  6  were  drawn  from  nature  by  A.  H.  Verrill ;  8  and 
10  were  drawn  from  life  by  J.  H.  Emerton ;  the  rest  are  camcra-lucida  drawings  by 
the  author. 

Plate  xuii. 

Figure  1. — Leptoplana  virilis  V.,  p.  478.  Ventral  view  of  the  type-specimeo,  stained 
and  mounted  in  balsam;    x  6.     Sta.  307,  Off  Cape  Cod,  Mass.,  31  fath  ,  1879. 

Figure  lo. — The  same  specimen.  Posterior  portion,  ventral  view;  x  15 ;  /.  pharvnx; 
r,  seminal  vesicle ;  ^,  granular  gland  and  penis-bulb ;  p,  penis ;  q,  penis-sheatb : 
^  *,  spermarian  folicles  or  testes:  i  ,  male  orifice;  ?  ,  female  orifice;  o,  o,  o. 
ovarian  folicles;  v,  ventral  portion  of  vagina;  v',  dorsal  portion  of  the  same;  ^ 
spermatheca ;  s\  anterior  portion  of  the  same  and  its  connection  with  the  vagina ; 
w^  shell-glands ;  u^  one  of  the  uterine  sacs. 

Figure  2. — Leptoplana  variabilis  (Girard)  V.,  young,  p.  480.  Dorsal  view  of  a 
mounted  specimen;    x  8.     Gloucester,  Mass.,  in  tide-pool,  1878. 

Figure  3. — Leptoplana  variabilis  (Girard)  V.  No.  20.  Ventral  view  of  a  mounted 
specimen;    x6.     Sta.  156,  off  Cape  Ann,  Mass.,  42  fath.,  1878. 

Figure  3a. — The  same  specimen.  Genital  organs,  dorsal  view ;  x  1 5 ;  d^  d^  vasa 
deferentia ;  A;,  granular  gland ;  /),  penis ,  q,  penis-sheath ;  $  ,  female  orifice ;  v, 
ventral  portion  of  vagina ;  t;^  dorsal  portion  of  the  same;  a,  spermatheca;  «',  an- 
terior division  of  the  same  and  its  connection  with  the  vagina;  10,  «?,  ihell- 
glands;  u,  u,  large  oviducts  or  uterine  sacs;  u%  duct  of  the  same  leading  to  the 
vagina;  x,  orifice  of  the  nephridial  duct  (?);  g'^  g\  posterior  gastric  branches. 
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Figure  'Sb, — ^The  stme  spedmen.    Ocelli  aod  brain ;    x  25 ;  c,  bralD ;  ^  cerebral  ocelli ; 

e\  dorsal  ocelli. 
Figure  4. — LeptopUma  eUipsoides  Qirard,  p.  483.    Ocelli ;    x  26 ;  e,  cerebral,  aud  e\ 

dorsal  clusters.    Eastport,  Me.,  1872. 
Fiinire  4a.^The  tame.     Dorsal  yiew  of  tbe  genital  organs;    xl5.    The  lettenog  is 

the  same  as  that  of  3a.    Figure  45. — The  same  parts;  ventral  view. 
Figure  5. — THgonoporus  dendriHcua  Y.,  p.  491.     Type-specimen.    Sta.  317.    Ventral 

view  of  tbe  genital  organs ;    x  25 ;    $  ^  male  orifice ;  p,  penis ;  p^  penis-bulb ;  9, 

penis-sheath ;    k,  granular  gland ;     9  ,  anterior  female  orifice ;     $  ^,  posterior 

female  orifice ;  t(7,  shell-glands. 
Figrure  6. — PolyckoBraa  caudaiua  Mark,  p.  612.    Ventral  view  of  a  mounted  specimen ; 

X  16.    Wood*s  Holl,  Mass.,  1881.    This  specimen  is  noteworthy  fcr  having  five 

caudal  cirri.    The  digestive  cavity  contains  numerous  small  crustaceans. 
Figure  7. — The  same.    Ventral  view  of  a  mounted  specimen  having  three  caudal 

drri;    x  16  ;    $  ,  female  orifice;  9,  spermatheca;    o,  one  of  the  ovaries;    t^  sper- 

marian  folides  or  testes ;  p^  retracted  penis  and  male  orifice. 
Figure  8.— The  same.    Ventral  view  of  the  genital  organs  of  a  mature  spedmen; 

X  30 ;  dy  d^  vasa  deferentia ;  r,  seminal  vesicle ;   p,  penis  ezserted ;    $ ,  female 

orifice ;  9,  spermatheca  or  bursa  seminalis ;  o,  cluster  of  mature  eggs. 
Figure  9. — The  same.    Male  genital  organs  of  another  specimen  with  the  penis  (p) 

fully  exserted ;  r,  seminal  vesicle ;    x  30. 
Figure  10. — The  same,  another  spedmen.     A  partially  profile  view  of  the  genital 

organs;    x30;    9,  female  orifice;  v,  vagina;  p,  penis  partly  protruded;  dy  d^ 

vasa  deferentia ;  r,  seminal  vesicle. 
Pij^ire  W.—BdeUoura  Candida  Girard,  p.  499.    Ventral  view  of  a  specimen  containing 

a  nearly  mature  egg-capsule;    x6;  c,  brain  and  ocelli;  A,  longitudinal  musdes 

of  the  sucker;  n,  one  of  the  longitudinal  nerve-trunks;    n\  frontal  nerves;    y, 

anterior  division  of  the  stomach;  /,  pharynx;  0,  0,  ovaries;  ca,  egg-capsules; 

11,  uterine  sac  or  accessory  gland.  ' 

The  large  chitinous  egg-capsule  occupies  the  entire  thickness  of  tbe  body,  no  organs 
appearing  over  its  central  part,  on  either  side,  except  the  thin,  stretched  integument ; 
its  front  ed^  lies  above  the  end  of  the  pharynx,  and  the  vasa  deferentia  run  above 
its  lateral  borders.    How  it  is  expelled  is  not  known. 

Figures  1,  la,  2,  3,  3a,  and  11  were  drawn  from  nature  by  A.  H.  Verrill;  the  rest 
by  tbe  author. 

Plate  xliv. 

Figure  \,—Stylochu8  frontalis  V.,  p.  465.  Ocelli  and  tentacles  of  the  type-specimen, 
mounted  in  balsam ;  x  30 ;  6,  6,  tentacles  retracted  ;  c,  c,  cerebral  clusters ;  e\  c', 
dorsal  clusters  at  base  of  tentacles ;  e',  e\  scattered  frontal  ocelli. 

Figure  2. — Leptoplana  anguata  V.,  p.  486.  Ventral  view  of  one  of  the  type-specimens, 
mounted  in  balsam;  xl2;  c,  brain ;  /pharynx;  m,  mouth;  ^,  ^  spermariac 
folicles ;  (f,  vas  deferens ;  p,  penis  and  penis-sheath ;  v,  vagina  and  shell-glands ; 
8,  spermatheca ;  $ ,  female  orifice ;  u,  uterine  sac  filled  with  mature  ova. 

Figfure  2a. — The  same.  Brain  and  ocelli ;  x  30 ;  c,  brain ;  c,  cerebral,  and,  e'  dorsal 
clusters. 

Fig^ire  3. — The  same.  Reproductive  organs  of  another  mounted  spedmen;  x20;  p, 
penis ;  q,  penis-bulb  and  sheath ;  v,  female  orifice  and  ventral  portion  of  vagina; 
i/,  dorsal  portion  of  vagina ;  u,  u,  large  oviducts  or  uterine  sacs  filled  with 
mature  ova. 
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Figures  4,  4a. — Trigonoporua  folium  V.,  p.  487.  Original  tjpe-specimen  mounted  is 
balsam.  4,  ventral  view  of  the  genital  organs,  x  16 ;  $,  male  onfioe;  p,  penis ; 
h,  penis-bulb  and  granular  gland ;  $ ,  anterior  female  orifice  in  a  cup-like  depres- 
sion; Vf  vagina  mutilated ;  to,  u;,  shell-glands,  40,  dorsal  view  of  the  same  part£, 
with  the  same  lettering,  and  p*^  penis-sheath ;  t;',  dorsal  portion  of  vagina ;  $  ', 
posterior  female  orifice. 

Figure  ib, — The  same  specimen ;  e,  cerebral  ocelli ;  e%  dorsal  ocelli ;  x  30. 

Figure  4c.— The  same  specimen.    Part  of  front  margin  and  marginal  ocelli ;  x  30. 

Figure  4d— The  same  specimen.    Mouth  and  retracted  pharynx,  ventral  view ;   x  10. 

Figure  56.— The  same.  Brain  and  ocelli  of  a  specimen  from  sta.  134,  1878.  Ventral 
view;  x50;  c,  c,  oerebral  ganglions;  6,  cerebral  ocelli;  c' dorsal  ocelli;  fi.fi. 
large  frontal  nerves ;  g^  median  anterior  gastric  branch. 

Figure  6. — ^The  same.  Genital  organs  of  a  specimen  from  ita.  301.  Ventral  view: 
x30;  $  y  male  orifice;  p,  penis;  p\  interior  of  penis-bulb;  9,  [ enis-sheath ;  k, 
g^nular  gland ;  $ ,  anterior  female  orifice :  9  \  posterior  female  orifice ;  r,  ven- 
tral part  of  vagina;  v\  dorsal  part  of  vagina;  w^  shell-glands;  u,  supposed  ori- 
fice of  nephridial  duct. 

Figure  7. — The  same.  Genital  organs  of  a  specimen  from  sta.  182,  1878.  Ventral 
view ;    x  30.    Lettering  is  the  same  as  in  fig.  6. 

Figure  8. — BdeUoura  Candida  Girard,  p.  499.  A  specimeu  stained  with  borax-carmine 
and  picric  acid  and  mounted  in  balsam.  New  Haven.  Oct.,  1892.  Ventral  view ; 
X  1 0 ;  A,  posterior  sucker ;  c,  c,  two  cerebral  ganglions  of  the  brain,  and  the 
ocelli ;  c\  main  frontal  nerves  (five  pairs  are  shown,  by  stippled  lines,  with  a  few 
of  their  branches);  n,  one  of  the  great  longitudinal  nerve-trunks;  n\  posterior 
commissure  uniting  the  nerve-trunks,  from  this  part  large  numbers  of  branches 
diverge  to  the  borders  of  the  posterior  sucker;  n»,  one  of  the  several  serial 
transverse  commissures  uniting  the  nerve-trunks ;  n",  marginal  nerve  and  exterior 
branchlets;  /,  pharynx,  retracted;  /',  its  open  end;  g,  anterior  median  division 
of  the  stomach ;  g\  one  of  the  two  main  posterior  divisions  of  the  stomach ; 
y*,  one  of  the  transverse  lateral  gastric  branches.  (The  stomach  and  ita  branches 
are  left  unshaded  for  greater  clearness ;  they  are  usually  more  deeply  colored 
than  the  other  organs);  0,  left  ovary;  o\  its  duct:  y,  vitellaria  or  yolk-glands: 
X,  left  accessory  female  gland  or  **  uterine  sac "  and  its  convoluted  dud,  going 
to  the  female  genital  organs ;  p,  penis  and  penis-sheath ;  $  ^  ,  common  genital 
orifice ;  t,  t,  testes  or  spermarian  folicles. 

Figure  8a. — The  same.  Ventral  view  of  the  posterior  part  of  a  living  specimen  com- 
pressed between  glasses ;  x  20.  The  gastric  branches  are  distended  by  the  pres- 
sure and  the  nervous  system  is  omitted.  The  lettering  is  the  same  as  in  fig.  8. 
with  the  following  additions ;  d^  vas  deferens  of  the  right  side ;  r,  seminal  vesi- 
cle; v,  vagina. 

Figure  %b. — The  same.  Side  and  profile  views  of  an  egg-capsule  that  was  attached 
by  both  ends;  x8. 

Figures  2,  3,  4,  4a,  8,  8a,  86  were  drawn  from  nature  by  A.  H.  Verrill ;  the  rest  by 
the  author. 
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Acetic  acid  precipitate,  83,  88,  94,  99. 
Acid,  hydrofluoric,  158. 

pepsin-hydrochloric,  87,  79. 

sulphuric,  at  lOO**  C,  93. 

wateratlOO'C,  23,  87. 
AcoBla,  460,  507. 
Acolea,  272. 
Aootylea,  461. 
AcTobolbeap,  272. 
AcrobolbuB,  272. 

wilsoni,  272. 
Acrolejeunea,  264. 
Acrostolia,  275. 

pinguis,  275. 
Actitis  macularia,  322,  349. 
Adams,  H.  F.,  48. 
Adelanthus,  268. 

decipiens,  268. 

falcatus,  268. 

lindbergianus,  268. 

magellfuiious,  268. 
Agalena,  197. 

americana,  197,  199. 

n»via,  197. 

potteri,  197. 
AgalenidaB,  166,  178,  190, 191. 
Agalenopsis  albipilis,  197. 
Agouti,  318. 
Agroeca,  168,  188,  190. 

crocata,  .168,  171. 

pratensis,  190. 
Aigrette,  321. 
Aitonia,  277. 

cordata,  260. 
Albumin  and  sugar.  Excretion  of,  5. 
Alcedinidi»,  329. 
Alcyones,  329. 
Aleyopora,  212. 
Alicularia,  272. 
Allenia  montana,  345,  350. 
AlobieUa,  267. 
Alsophis  sibonius,  351,  352. 
Amaurobius,  183. 
Amazona  augusta,  327,  349. 

bouqueti,  328,  349. 
Ameiva  fusoata,  355. 
Amiva  major,  352. 

plei,  352. 

var.  brachiosquamatus,  352. 
Ammodramus  sayannarum  passerinus, 

338. 
Ammonium  sulphate  precipitate,  85. 
Amphibtillma  patula,  357. 

rubescens,  358. 


Amphiporidffi,  386. 
Amphiporus.  382,  386-389,  412. 

agOiBy  389.  390,  400. 

angulatus,  382,  388,  389,  390,  392, 
393,  404,  439. 
Amphiporus  beringianus,  392. 

bioculatus,  389,  390,  401. 

cascus,  389,  390,  402. 

cruentatus,  389,  390,  399. 

frontalis,  389,  390,  392,  398. 

fabricii,  890. 

glutinosus,  388,  390,  397,  398. 

griseus,  388,  390,  398. 

heterosorus,  388,  389,  393. 

japonicus,  392. 

iactifloreus,  385,  388,  390,  394,  405. 

mesosorus,  389,  390,  399. 

multisorus,  388,  389,  393. 

ne«sii,  388. 

ochraceus,  388,  390,  396,  402. 

pulcher,  395. 

roseus,  388,  389,  893,  395. 

sp.,  403. 

stimpsoni,  382,  390. 

superbus,  389,  390,  403. 

tetrasorus,  388,  389,  394. 

thallius,  389,  390,  403. 

virescens,  389,  390,  400. 
Amylolytic  action.     lofluenoe  on,  60. 
Analysis  of  Acetic  acid  precipitate,  84, 
88,  94,  99. 

Ammonium  sulphate    precipitate, 
32,85. 

Casein  antipeptone,  101,  103. 

Deuterooaseose,  91,  94,  95.  97,  99. 

Deuteroelastose,  28,  33,  34. 

Deuteromyosinose,  145. 

^peptone,  69,  71,  73,  74,  75. 

Elastin,  20,  22,  37. 

Myosin,  117-132,  140. 

Precipitate'  produced  by  salt-satur- 
ated acetic  acid,  36. 

Protocaseose,  81,  88,  92,  93. 

Protoelastose,  25,  26,  30,  38,  81,  88, 
92,93. 

Protomyosinose,  143. 

Sodium  chloride  precipitate,  35. 

Urine  of  a  dog,  3,  4,  6,  8,  9,  10,  12, 
45  46  47. 

'of  a  man,  41,  42,  55-58. 
of  a  rabbit,  50-52. 
Anastrophvllum,  271. 
Anatidse,  820. 
Androcryphia,  278. 
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Anenra,  275. 
Anenreae,  275. 
Anopla,  415,  441. 
Anolis  alliaceos,  855. 

leachii,  852,  855. 
Anomoclada,  268. 

mucosa,  268. 
Anonymns,  495. 
Anoplolejetinea,  264. 
Anoora  mnltlflda,  260. 

pinnatifida,  260. 

palmata,  260. 

X>ectiiiata,  260. 

pinguis,  260. 
Anous  stoUduB,  849,  850. 
Anseres,  320. 
Anthelia,  268. 

jnlacea,  268. 
Anthoceros,  275. 

laBTis,  275. 

pnnctatus,  275. 

yesiculoBUS,  260. 

yincentianus,  260. 
AnthocerotaoeaB,  275. 
Antifebrin,  Influence  of,  58,  61,  64. 
Antimony,  Action  of,  on  a  fowl,  11(^ 
112;  rabbit,  118. 

Influence  of,  on  the  liver,  106. 
Antipyrin,  Influence  of,  48,  60,  64. 
Antoiria,  265. 
Anura,  850. 
AnyphflBua,  166,  185. 

calcarata,  187. 

incerta,  186,  187,  190. 

rubra,  186. 

saltabunda,  187. 
AphanoBtoma,  508,  510. 

aurantiacum,  509. 

diversioolor,  509. 

olivaceum,  510. 
Aphanostomum,  508. 

diversicolor,  509. 
ApbanostomidaB,  508. 
Aplozia,  271. 
AploziflB,  270,  272. 
ApotomauthuB,  272. 
Aracliniopsis,  267. 
Arbalo,  352. 
Archilejeunea,  264. 
Ardea  ceerulea,  321,  349. 

candidissima,  321,  349. 

egretta,  321,  349. 

herodias,  321,  349. 

virescens,  821,  349. 
ArdeidBB,  321. 
Arenaria  interpres,  349. 
Argiope,  245. 
Ariadne,  201. 

bicolor,  201. 
AmelUa,  271. 

fennica,  271. 
Arsenic,  Action  of,  on  a  fowl,  108,  109; 
rabbit,  110. 


j  Arsenio,  Influence  of,  on  the  liver,  106. 
{  ABColobia,  263. 
Askepas,  277. 

brevipes,  277. 
Astemma,  442. 

filiformis,  442. 

hemisphserica,  277. 
Asterella,  277. 
ABtia  vittata,  236. 
Athalamia,  276. 

pinguis,  276. 
Attidffi,  220. 
AttuB,  228. 

audax,  227. 

binuB,  289. 

capitatus,  228. 

castaneus,  224. 

elegans,  283. 

familiaris,  287. 

leoparduB,  242. 

miUtaiis,  230. 

mitratuB,  232. 

mystaceuB,  227. 

niger,  236. 

paluBtris,  223,  247. 

parvus,  228. 

pulex,  246. 

quadrilineatus,  239. 

rufuB,  224. 

sux>erciliosu8,  233. 

sylvestris,  223,  247. 

tripunctatuB,  227. 

vittatus,  286. 
I  Aulopora,  210,  212. 
i         subtenius,  212. 

Balantiopsis,  273. 
I         diplophylla,  273. 
I         erinacea,  273. 
Batrachia,  350. 
'  Bazzania,  267. 

baldwinii,  255. 

brighami,  255. 

coidistipula,  255. 

deflexa,  255. 

falcata,  255. 

integrifolia,  255. 

minuta,  255. 

pateuB,  255. 

trilobata,  267. 
Bdellomorpha,  444. 
I  Bdelloura,  499,  501. 

Candida,  499. 

parasitica.  499. 
'  BdeUouridffi,  498. 
Bdellura,  499. 

parasitica,  499. 
,  Bdelluridea,  498. 
I  B^caBse,  822. 

Beecher,  Charles  E.,  Symmetrical  cell 
development  in  the  Favositids,  215. 

The  development    of   a   paleozoic 
poriferous  coral,  207. 
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Bellincmia,  265. 
BeUona  ezilis,  384,  349. 
Blake,  J.  A.     See  Chittenden. 
Blacicns  branneicapillxis,  386,  349. 
Blasia,  274. 

pnaillA,  262,  274. 
Blepnaridophyllnm,  269. 
Blepharostoma,  268. 

palmatnm,  268. 

trichophyllnm,  268. 
Blepharozia,  265. 
Blind  worm,  851. 
Bine  jay,  846. 
Blyttia,  274. 
Boa,  851. 

diviniloqnax,  351. 
Boidce,  851. 
Bonasa  nmbellns,  824. 
Borlasia,  417,  418. 

alba,  894. 

ootocnlata,  428. 

ollTaoea,  419. 
Boschia,  278. 

weddelUi,  278. 
Biachiolejennea,  264. 
Bryolejennea,  264. 
BryopteriB,  264. 
Bnteo  lastissimns,  825,  849. 

pennsylvanicns,  825. 
Bntorides  viieecenB,  821. 
Bnlimulidse,  856. 
Bnlimnlos  ezilis,  357. 

Uticinctns,  356,  858. 

mnltifasoiatns,  856. 

nichollBii,  857. 

Caesia,  272. 

Caffein  and  thein.  63,  65. 
Calbasco,  329. 
Calliethera,  222. 

scenica,  288. 
Calobrynm,  273. 

blnmii,  278. 
Calyonlaria,  278. 
Calypogeia,  268,  278. 

baldwinii,  256. 

bidentnla,  256. 

bifurca,  256. 

ericetomm,  273. 

flagellifera,  278. 
CandoUea,  264,  269,  270. 
Carinella,  448. 
CarinellidfiB,  448. 
Carinina,  448. 

grata,  448. 
Carpolipnm,  275. 
Caaeoeee,  78,  79,  90,  98,  96. 

casein  dyspeptone,  and  casein  pep- 
tone.    R.  H.  Chittenden,  66. 
Casein,  76. 

antialbmnid,  77. 

antipeptone,  101,  103. 

dyspeptone,  66. 

peptone,  66,  90-92,  100. 
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Castianeira,  169. 

bivittata,  169,  170,  171. 
Cavendishia,  265. 

Cell  development  in  the  Favositidje,  215. 
Cenobita  diogenes,  353. 
Cephalothricidee,  442. 
Cephalothriz,  442. 

biocniata,  442. 

filiformis,  442. 

linearis,  442. 
Cephalozia,  267. 

mnltiflora,  256. 

aandvicensis,  256. 
Cephaloziella,  267. 
I  Ceratolejennea,  264. 
Cerebratnlns,  884, 416, 417, 427, 482, 487. 

angnlatos,  438,  489. 

fragiUs,  488. 

foscescens,  488. 

foscns,  435,  488. 

grandis,  438. 

lactens,  488,  486. 

leidyi,  486. 

lizziffi,  486. 

Inridns,  417,  432,  440. 

mednllatns,  441. 

pooohontas,  486. 

rosens,  486. 

mbra,  487. 

8p.,488. 

striolenta,  486. 

tmncatus,  427. 
Certhiola  dominicana,  340. 
Ceryle  alcyon,  829,  849. 
Cesia,  272. 
Chsetocolea,  266. 
ChaBtopsis,  268. 
ChsBtnra  dominicana,  880,  349. 

poUura,  330. 
Chamseceros,  275. 
ChamaBpelia  passerina,  324. 
Chameleon,  352. 
Chandontothns,  268. 

setiformis,  268. 

sqnarrosa,  268. 
Charadrins  dominicns,  849,  850. 
Chasoostoma,  272. 
Chat,  343. 

Cheilolejennea,  264. 
Chelonia,  352. 
Cheweck,  337. 

tetlong,  340. 
Chiloscyphns,  270. 

polyanthos,  270. 
Chiracanthinm,  166,  184. 

viride,  184. 
Chittenden,  R.  H.,  Influence  of  urethan, 
paraldehyde,   antipyrin,   and   antife- 
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antimony  on  glycogenic  function  and 
fatty  degeneration  of  the  liver,  106. 
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Chittenden,  R.  H.,  Cummins,  G.  W., 
Nature  and  chemical  composition  of 
the  myosin  of  muscle  tissue,  115. 

Hart,  Horace  S. ,  EUastin  and  elas- 
tose  bodies,  19. 

Joslin,  E.  P.  and  Meara,  F.  S.,  On 
the  ferments  contained  in  the  juice 
of  the  pineapple  (AnaTiassa  saliva), 
together  with  some  observations  on 
the  composition  and  proteolytic  action 
of  the  juice,  281. 
Ktthne,  W.,  Myosinoses,  139. 
Lambert,  A.,  Some  experiments  on 
the  physiological  action  of  uranium 
salts,  1. 

Norris,  Charles,  Jr.,   Relative  ab- 
sorption of  nickel  and  cobalt,  148. 
.^Stewart,  C.  W.,  Influence  of  several 
ifew  therapeutic  agents  on  amylolytic 
and  proteolytic  action,  60. 
Chomiocarpon,  276. 
Chonanthelia,  263. 
Chrysotis  augusta,  327. 
bouqueti,  328. 
cyanopis,  828. 
nichollsi,  828. 
versicolor,  828. 
Ciceroo,  827. 

Cichlherminia  dominicensis,  841,  346, 
350. 
fuscata  densirostris,  346,  350. 
Cicurina,  194. 

complicata,  195. 
Cincinnulus,  268. 

Cinclocerthia  ruficauda,  348,  348,  350. 
CiniflonidsB,  178. 
Cladochonus,  210. 
Clasmatocolea,  269. 
Cleistopora  geometrica,  215. 
Clevea,  276. 

hyalina,  276. 
Clubiona,  166,  178,  179,  185. 
abbottii,  182. 
canadensis,  181. 
crassipalpis,  180. 
excepta,  188. 
minuta,  181. 
mixta,  180. 
omata,  188. 
pallens,  166,  188. 
pusilla,  181. 
rubra,  181,  182. 
saltabunda,  166,  187. 
tibialis,  180. 
Cobalt  and  nickel.  Relative  absorption 

of,  148. 
Coccyges,  829. 
Coccyzus  americanus,  329. 
minor,  329,  349. 
seniculus,  829. 
Codonia,  273. 
CoBlocauIeaB,  271. 
CcBlotes,  191,  193,  194,  195,  197. 


I  Ccelotes,  hybridus,  198. 

longitarsus,  192,  198. 
I         medicinalis,  191. 

montanus,  192. 
Coereba  dominicana,  340,  344,  849. 
CcerebidflB,  840. 
1  Coleochila,  270. 
I  Cololejeunea,  264. 
I  Columbae,  323. 
Columba  corensu,  823,  349. 

leucocephala,  328,  849. 
Columbidse,  828. 

Columbigallina  passerina,  324,  949. 
ColumbridaB,  851. 
Columnopora,  212. 
Colura,  263. 
Colurolejeimea,  264. 
Conner,  L.  A.,  66. 
Conocephalus,  276. 

conicus,  276. 

japonicus,  276. 
Convoluta,  508. 

Coral,  paleozoic  poriferous,  207. 
Cordffia,  274. 
Coriarachne,  367. 

depressa,  367. 

versicolor,  367. 
Corsinia,  278. 

marchantioides,  278. 
Cosmocephala,  887,  389,  392. 

beringiana,  892. 

japonica,  892. 

ochracea,  896. 
Cotylea,  494. 
Coucoumioc,  329. 
Coulaveecou,  829. 
Crab,  358. 

Hermit,  353. 

Land,  858. 
Crab-eater,  822. 

Black,  821. 
Crabe,  353. 
Crabier,  322. 

Black,  821. 

Green,  321. 

noir,  821. 
Crak  crak,  354. 
Crapaud,  350. 
Crawfish,  858. 
Crazy  Crazy,  880. 

Blue,  883. 

long-head,  381. 
Crossotolejeunea,  264. 
Cryptooarpus,  278. 
Cryptocelis,  487. 
Cryptomitrium,  277. 

tenemm,  277. 
Cuckoo,  829.  •  '      " 

yellow-billed,  329. 
CuculidsB,  329. 

Cummins,  G.  Wyckoff .    See  Chittenden. 
Cyanocitta  cristata,  846. 
Cyathodium,  277. 
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Cyathodimn,  cavemoBum,  277. 

CyclophoridaB,  358. 

Cyclophoms  (Ampbicyclotns)  amethyst- 

inns,  858. 
Cjrpseloides  niger,  380,  349. 
C^ba  pnlex,  246. 
Cystignathidap,  350. 

DendroceroSf  275. 

clintoni,  260. 
Dendroooela,  459,  460. 
Dendroica  seetiva,  341. 

melanoptera,  341. 

petechia,  341. 

melanoptera,  841,  343,  349. 

plmnbea,  342,  350. 

virena,  350. 
Dendrolejeonea,  264. 
Dendryphantes,  222. 

sestivalis,  220,  222,  228. 

capitatns,  228. 

elegans,  233. 

miUtarU,  220,  222,  229,  230 

montanns,  222,  22ld. 
Denteroelastose,  27,  31,  37. 
Deuteromyoeinose,  144. 
Diablotin,  320. 
Diastaloba,  263. 
Dichilos,  389. 
Dichiton,  272. 

perpnsUlum,  272. 
Dicranolejeunea,  264. 
DiemyctyluB  virescens,  310. 
Digonopora,  460,  461,  497. 
IHlaBiia,  274. 
DinopbilidaB  of  New  England,    A.    E. 

VerriU,  457. 
Dinophilns,  457. 

gyrociliatns,  458. 

pygmieas,  457. 

simplex,  457,  458. 
Diplasiolejennea,  264. 
Diplolama,  274. 
Diplomitritim,  274. 
Diplophyllnm,  269. 

albicans,  256,  269. 
Diploscyphns,  269. 

bomeensis,  269. 
Disoooelis,  492. 

mntabilis,  498. 
Dookendorff,  J.  E..  44. 
Dolomedes,  379. 
Dominica  Island,  Fauna  of,  315. 
Dove,  Ground,  824. 
Drassidffl,  166, 178,  190,  220. 
Drassus,  167,  178. 

lapidosus,  178. 

Tobustus,  179. 

saccatus,  178,  179. 

troglodjrtes,  178. 

variegatus,  174,  175. 
Drepanolejeunea,  264. 
Drepanophoridee,  886,  415. 


Drepanophoms,  886,  415. 

lankesteri,  415. 
Drummer,  354. 
Dumortiera,  277. 

hirenta,  260,  277. 

nepalensis,  260. 

trichocephala,  260. 
Durifea,  278. 
j  DuvaUa,  276. 
I  Dysdera,  185,  201. 

crocata,  201. 

interrita,  200,  201. 

rubiounda,  201. 
Dysderidae,  166,  200. 
Dyspeptones,  76. 

Ebo,  877. 

latithorax,  877. 
EcMnogyna,  275. 
Egg-albumen,  138. 
Eleenea  pagana  martinica,  887,  349. 
Elainea  martinica,  337. 
Elasmodes,  477,  486,  496. 

gracilis,  496. 
Elastin,  37. 

and    the  elastose  bodies.      R.   H. 
Chittenden  and  Horace  S.  Hart,  19. 

decomposition  of,  23. 

digestion  of,  29,  84. 

preparation  of,  19. 
Emerton,  J.  H. ,  New  England  spiders  of 
the  family  Attid»,  220. 

Drassidee,  Agalenidie  and  Dysder- 
idaB,  166. 

Thomisidae,  859. 
Empidonax  minimus,  837. 
Emplectonema,  412. 

camillea,  413. 

giganteum.  418. 

gracilis,  413. 
i         ne^i,  413. 
'  Enopla,  885,  442,  446. 
EpeiridsB,  220. 
Epiblemum,  222. 
I         faustum,  288. 

palmarum,  232. 
I         scenicum,  222,  288. 
j  Ereunetes  petrificatus,  322. 
I         pusiUus,  322,  349.  350. 
Ergane  splendens,  244. 
Etching  a  sphere  and  crystals  of  quartz 
I     with  hydrofluoric  acid.   Results  ob- 
I      tained  by,     Dr.  Otto  Meyer  and  S.  L. 

Penfield,  158. 
I  Eucalyx,  272. 
I  Eucephalozia,  267. 
Euetheia  bicolor,  838,  849. 
\  Eulampis  holosericeus,  881,  349. 
I         jugularis,  880,  849. 
!  Eulejennea,  264. 
;  Eunardia,  272. 
I  Euophrys,  223. 

cruciatus,  241. 
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Enophrys,  monadnook,  323,  241. 
EaoBmolejeiinea,  264. 
Enphonia  flavifrons,  889,  849. 
Enrylepta,  495. 

maonlosa,  495. 
Euryleptidae,  495. 
Eufltyloohus,  462,  467. 

eUipticus,  467,  478,  474. 
Evans,  A.  W.,  An  arrangement  of  the 
genera  of  HepaticaB,  262. 

A  provisional  list  of  the  HepaticaB 
of  the  Hawaiian  Islands,  258. 
Exormotheca,  276. 

Falco  oaribbfeamm,  826,  849. 

colombarios,  825,  849. 

sparverins,  826. 
FalconidaB,  825. 
Farrington,  Oliver  C,  The  nephrostomes 

of  Bana,  809. 
Fasciola,  275. 

angulata,  890. 

Candida,  404. 

rosea,  895. 
Favoflites,  209,  210,  211,  215,  216,   218. 

forbesi,  var.  occidentalis,  210. 
Favositidee,  cell  development  in,  215. 
Fegatella,  276. 
Ferments  contained  in  the  juice  of  the 

pineapple,  281. 
Fibrin,  188. 
Fibrinogen,  188. 
Fimbriaria,  276. 

innovans,  260. 

tenella,  276. 
Fish  hawk,  826. 
Flycatcher,  886. 
Fossombronia,  278. 

posilla,  278. 
Foesombronie^,  278. 
Fon  Fou,  880. 

beqnar,  884. 

bleu,  888. 

mardet,  880. 

tdte-longne,  881. 
Fovia,  508. 

affinis,  504. 

var.  grisea,  505. 

var.  warreni.  505. 

grisea,  504. 

littoralis,  504. 

warreni,  504,  505. 
Fregata  aqnila,  820,  849. 
FregatidflB,  820. 
Fringillid.©,  887. 
Frullania,  263. 

apicolata,  258. 

arietina,  258. 

explicata,  258. 

hntchinsiae,  258. 

hypoleuca,  253. 

konzei,  258. 

piligera,  258. 


FroUania,  sandvioensiB,  253. 

sqnarrosa,  258. 
Fmllanife,  268. 
Fnillanie»,  268. 

Ganlin,  Black,  821. 

Night,  822. 

White,  821. 
Gkcaroinns  lateralis,  853. 

mricola,  858. 
Gecko,  851. 
Geckonid®,  851. 
Geocalyx,  269. 

graveolens,  269. 
Geotreoha,  168. 

bivittata,  169. 

oTocata,  171. 

pinnata,  170. 
Geotoygon  montana,  824,  349. 

mystacea,  825,  849. 
Gnaphosa,  175,  178. 

bmmalis,  166,  175. 

conspersa,  166,  178,  175, 179. 

gigantea,  176. 

sondderi,  166,  175. 
Gk)be-monche,  836. 
Gongylanthns,  273. 
Gk>rmns  fragilis,  488. 
Gottsohea,  fn. 
Grimaldia,  276. 

barbifrons,  276. 

mpeetris,  276. 
Grive,  845,  846. 
Grivette,  845. 
Grosbeak,  889. 
Gr^bec,  889. 
Grosse  grive,  846. 
Groond  dove,  324. 
Gm  gm  worm,  354. 
Gne  Gne,  325,  326. 
Gnnda,  504. 
Gymnanthe,  272,  278. 

bolanderi,  256. 

saccata,  272. 
Gymnanthes,  272. 
Gymnocephaia,  441. 
GymnooephalidaB,  441. 
Gymnooolea,  271. 
Gymnomitritim,  272. 

oonoinnatom,  272. 
Gymnosoyphns,  271. 

repens,  271. 

Habrocestnm,  223. 

peregrinom,  223,  245. 

splendens,  228,  244. 
Hahnia,  195. 

bimaoolata,  196. 

cinerea,  197. 

radnla,  196. 
Haplomitrinm,  273. 
Harpalejennea,  264. 
Harpanthns,  270. 
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Harpanthns,  flotovianns,  270. 

scntatns,  270. 
Harporhynchufi  mf  as,  348,  346. 
Hart,  Horace  S.     See  Chittenden. 
Hasarins,  223. 

hoyi,  223,  243. 
Hawk,  Fish,  326. 

Mountain,  325. 
Hecate  elegans,  406. 
Helicidae,  356. 
Helicina  autillamm,  358. 
epistilia,  357. 
fasciata,  358. 
rhodostoma,  357,  358. 
relntina,  357. 
Helicinidae,  357. 
Helix  (Dentellaria)  badia,  356. 
dentiens,  358. 
joeephinie,  356. 
nigrescens,  356. 
Hepatica,  276. 
Hepaticte,  genera  of,  262. 

of  the  Hawaiian  Islands,  253. 
Herberta,  266. 
adnnca,  266. 
sangninea,  255. 
Hercnles  beetle,  354. 
Hermit  crab,  353. 
Herodiones,  321. 
Herpetinm,  267. 
Herpocladinm,  267. 
HerpyUns,  166,  168. 
alarins,  189. 
ater,  166,  172. 
anratns,  167. 
bilineatns,  166,  175. 
conarins,  168. 
CTOcatns,  166,  168,  171. 
cruciger,  168. 
deecriptns,  166,  168,  171. 
ecclesiasticns,  166,  173. 
longipalpos,  168. 
marmuratns,  168. 
omatns,  168. 
parens,  188. 
trilineatus,  168,  170. 
variegatns,  166,  174. 
zonarins,  170. 
Heteroetylochus,  462,  467,  468. 

maonlatns,  468,  469. 
HirondeUe,  330,  340. 
Hinindinidfe,  340. 
Holocephala,  441. 
Holostipse,  264. 
Homalolejennea,  264. 
Homotropantha,  263. 
Hoplonemertea,  385. 
Hoplonemertini,  385. 
Horn-bug,  354. 
House  -wren,  344. 
Hjalonemertes,  446,  451. 

atlantica,  451. 
Hygrobiella,  267. 


,  Hygrobiella,  laxifolia,  267, 

myriocarpa,  267. 
I         nevicensis,  267. 
\  Hygrolejennea,  264. 
'  Hylodes  martinicensis,  851. 
'  Hymenophyton,  274. 
I  Hypenantron,  276. 

loins,  222. 
I         elegans,  222,  283. 

formioarins,  222,  235. 

hartii,  222,  235. 

lineatns,  239. 

mitratns,  222,  232. 

pahnanun,  222,  232. 

tibialis,  235. 
Iguana,  351. 

delicatissima,  351. 
Ignanidee,  351. 
1  Imogine,  475. 

ocnlifera,  475. 
I  lonomis  martinica,  322,  349. 
Isotaohis,  266. 


Jaoo,  389. 

Joslin,  E.  P.     See  Chittenden. 

Jnbnla,  263. 

hntchinsiflB,  263. 

piUgera,  258,  268. 
Jnbnlotypns,  268. 
Jnngermannia,  265,  267,  268,  269,  271. 

albicans,  256. 

anomala,  270. 

caUithriz,  259. 

oandifera,  256. 

coriacea,  258. 

esenbeckii,  258. 

lucens,  258. 

Inrida,  258. 

macrophylla,  258. 

manii,  259. 

minnta,  259. 

nana,  258. 

piligera,  258. 

pnlchella,  271. 

quadrifida,  271. 

rigida,  258. 

robnsta,  258. 

sandvicensis,  256. 

snbnlata.  258. 

taylori,  258,  270. 
JnngermanniaB,  267-270,  272. 
Jnngermanniacese,  263. 
JnngermannieeB,  269. 

Eantia,  268. 

baldwinii,  256. 

bidentnla,  256. 

bifnrca,  256. 

trichomanis,  268. 
Eialee,  321. 
Killee  Eillee,  825,  826. 
Etlhne,  W.    See  Chittenden. 
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La  beUe,  854. 

gotet,  886. 
Lacertilia,  351. 

Lambert,  Alexander.     See  Chittenden. 
Land  crab,  358. 
Laridffi,  819. 
Leiomitra,  265. 

capillata,  265. 

tomentosa,  265. 
LeioBCjphns,  270. 
Lejeunea,  268. 

albicans,  254. 

alcina,  268. 

anderssonii,  254. 

calcarea,  264. 

calyptrata,  254. 

oalyptrifolia,  254. 

cancellata,  254. 

ceratocarpa,  254. 

cncnllata,  254. 

elongata,  253. 

gibbosa,  258. 

hiUebrandii,  254. 

mannii,  258. 

obcordata,  254. 

oculata,  254. 

owaihiensis,  254. 

pacifica,  254. 

sandyicensis,  258,  254. 

aerpyUifolia,  264. 

stenoschiza,  254. 

snbligulata,  254. 

nngalata,  254. 
Lembidinm,  266. 

dendroides,  266. 

ntitanB,  266. 

ventrosum,  266. 
Leodes  striolenta,  486. 
Leperoma,  266. 
Lepicolea,  266. 

ochrolenoa,  266. 

pminosa,  266. 

scolopendra,  266. 
Lepidolaena,  266. 

clavigera,  266. 

menziesii,  266. 

palpebrifolia,  266. 
Lepidozia,  267. 

filipendola,  255. 

reptans,  256,  267. 

sandvicensis,  255. 

sTLCclda,  267. 
LepidozieflB,  266. 
Leptinaria  lamellata,  858. 
Leptodactylns  pentadactylus,  850. 
Leptolejennea,  264. 
Leptoplana,  477,  404. 

angusta,  485. 

drObachiensis,  482. 

ellipsoides,  482,  488. 

folium,  487. 

variabiUfl,  480,  484. 

virilifl,  478. 


Leptoplanidffi,  475,  494. 
Leptoflcyphns,  270. 

fragilifolins,  270. 
Lethooolea,  272. 
Lichenodes,  278. 
Lindigia,  272. 
Lindigina,  272. 

granatensis,  272. 
Uebmanniana,  272. 
Linens,  882,  417,  482,  483,  441. 
arenioola.  425. 
bicolor,  ^. 
I         oommnnis,  424. 
I         dnbins,  4!^. 

gesserensis,  419,  422,  424. 
I         lactens,  488,  486. 
i         longissimns,  418. 
I         marinns,  418. 
I         pallidns,  425. 
I         rubra,  422. 
i         sanguineus,  422,  423.  424. 

socialis,  884,  424. 
I         truncatus,  427. 

viridis,  417,  418,  425,  427,  429, 439. 
rar.  fuscus,  420. 
var.  obscurus,  420. 
var.  olivaceuB,  420. 
var.  rufus,  420. 
IdneidaB,  417. 
Linyphia,  191. 
LimicolaB,  822. 
Liochlffina,  270. 

lanceolata,  270. 
Liver,  Influence  of  antimony  and  arsenit- 
on  glycogenic  function  and  fatty  de- 
generation of  the,  R.   H.  Chittendeo 
and  J.  A.  Blake,  106. 
Longipennes.  819. 
Lophocolea,  269. 
beecheyana,  256. 
bidentata,  256,  269. 
breutelii,  256. 
columbica,  256. 
connata,  256. 
gaudichaudii,  256. 
heterophylla,  269. 
martiana,  256. 
orbigniana,  256. 
spinosa,  25iB. 
I  Lopholejeunea,  264. 
i  Lophozia,  271. 
I  LoxigiUa  noctis,  837. 

sclateri,  887,  849. 
Lycosa,  190,  879. 
LycosidsB,  166,  220. 
Lunularia,  277. 

vtdgaris,  277. 
Lunularieffi,  277. 

Mabuia  ag^s,  855. 

nigropunotata,  352,  355. 
cepedei,  352. 
dominicana,  355. 
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Maoaria,  167. 
Blaorochires,  880. 
Macrolejennea,  264. 
Bfacronemertes,  412. 

gigantea,  418. 
Madotheca,  265. 

Isvigata,  254. 

ligoUfera,  254. 
Madreporaria  perforata,  212. 
Mffivia,  228. 

pencillata,  286. 

vittata,  228,  286. 
Malacobdella,  444. 

groesa,  445. 

mercenaria,  445. 

obesa,  444. 
Malacobdellidffi,  444. 
Malfeenee,  825. 
Manaoon,  818. 
Marchantia,  260,  275. 

crenata,  260. 

disJTmcta,  260. 

innoYanB,  260. 

polymorpha,  260,  275. 
Marchantiaceae,  275. 
MarchantieaB,  275. 
Marchesdiiia,  268. 
Margarops  denairostriB,  846, 

dominicensis,  846. 

herminieri,  846. 

montantis,  845. 
Marpissa,  222. 
Marptnsa,  222. 

familiaris,  222,  287. 
Marsupella,  271. 

emarginata,  271. 

gphacelata,  271. 
Marsapia,  271. 

knightii,  278. 

orviUeantun,  273. 

setnlosam,  278. 
Marsapidlmn,  278. 
Martinellia,  264,  269,  270. 
Masong,  887. 
Mastigobrynm.  267. 

bxighami,  255. 

cordistipulain,  255. 

deflexum^  255. 

falcatnm,  255. 

integrifolimn,  255. 

minatxim,  255. 

paryistipnlnm,  255. 

patens,  255. 
Mastigolejetinea,  264. 
Mastigophora,  266. 

graoilis,  255. 

woodsii,  266. 
Meara,  F.  S.     See  Chittenden. 
Meckelia,  417,  482. 

fragilis,  488. 

ingens,  488. 

lactea,  488. 

lizzisB,  488. 


I  Meckelia,  Inrida,  440. 

olivacea,  488. 

pocohontaa,  486. 

rosea,  486. 

serpentaria,  488. 
Mecynostoma,  510. 
Menemems,  222. 

binns,  222,  289. 

lineatns,  222,  289. 

payknllii,  289. 
Mesophylla,  272. 

Metabolism,  proteid,  Influence  of  Ure- 
than,  Paralaehyde,  Antipyrin,  and  An- 
tifebrin  on,  R.  H.  Chittenden,  89. 
;  Meteorio})si8,  268. 
I  Metzgeria,  275. 

dichotoma,  260. 

fuToata,  275. 

pnbescens,  275. 
Met^^riese,  275. 

Meyer,  Dr.  Otto,  and  Penfield,  S.  L., 
Results  obtained  by  etching  a  sphere 
and  crystals   of    quartz  with  hydro- 
fluoric acid,  158. 
Mioaria,  167. 

longipes,  167,  168. 

montana,  168. 
Micariosoma,  188. 
Michelinia,  207,  209,  211,  215,  218. 

convexa,  216,  218. 

lenticularis,  207. 
Microlejeunea,  264. 
Micrommata,  879. 
MicropodidflB,  880. 
Micropterygium,  266. 
Micrura,  416,  417,  482,  438,  441. 

afl&nis,  428. 

albida,  481. 

doTsalis,  429. 

fusca,  428,  488. 

inomata,  431. 

rubra,  430. 
Mimooichla  albiventris,  347. 

ardesiaoa,  847. 

albiventris,  847. 

plumbea,  848. 

rubripes,  848. 

verriUorum,  347,  350. 
,  Misumena  aleatoria,  369. 
j         asperata,  370. 

foliata,  870. 

georgiana,  370. 

oblonga,  371. 

vatia,  368. 
Mittenia,  274. 
Mnio})sis,  278. 
MniotUtidee,  341. 
Monoclea,  274. 

forsteri,  274. 

gottschei,  274. 
MonoclesB,  274. 
Monogonopora,  461,  497. 
Monoselenium,  277. 
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MSrckia,  274. 
Morvy,  341,  346. 
Mountain  hawk,  325. 

whistler,  344. 
Myadestea  dominicanus,  344,  350. 
MygaUdaB,  200. 
Myiadestes  genibarbis,  344. 
Myiarchus  crinitus,  836. 

erythrocerous,  336. 

oberi,  336. 

sp.,  336. 

tyrannaliiB,  336. 
oberi,  336,  349. 
Mylia,  270. 

taylori,  258. 
Myosin,  116,  118,  121,  126,   127,  138, 

134,  137,  140. 
Myosin  of  muscle  tissue,   Natnre  and 
chemical  composition  of,  R.  H.  Chit- 
tenden and  C.  W.  Cnmmins,  115. 
Myosinoses,  W.  Ktihne  and  R.  H.  Chit- 
tenden, 139. 
Myriocolea,  264. 

irrorata,  264. 
Myriorrhynchus,  278. 

fimbriatns,  278. 
Mytilopsis,  266. 

Nardia,  271. 

callithrix,  259. 

exserta,  259. 

manii,  259. 
Nareda,  389,  403. 

snperba,  403. 
Naredopsis,  389. 
Nectonemertes,  446,  447. 

mirabilis,  447. 
Nectonemertidae,  446. 
Nemei-teans,  Marine,  of  New  England 
and  adjacent  waters,  A.  E.   VeiTill, 
382 
Nemertes,  388,  400,  402,  404,  412,  417. 

affinis,  428. 

lactiflorea,  894. 

mandilla,  894. 

obscnra,  418. 

(Borlasia)  octoculata,  423. 

olivacea,  418. 

pnlchra,  395. 

qnadrioculata,  404. 

(Borlasia)  rufifrons,  442. 

sangainea,  423. 

socialis,  424. 

sp.,  400,  402. 

vermiculus,  407. 

viridis,  419. 
Nemertina,  384. 
Nemertinea,  884. 
Neon,  228. 

neim,  224,  240. 
Nephrostomes  of  Rana,  O.  C.  Farring- 

ton,  309. 
NeritidfiB,  357. 


,  Neritina  punctolata,  357,  358. 

I  Nenrolejennea,  264. 

I  New  England  Attidse,  220. 

I         DrassidsB,  Agalenidie,  and  Dyader- 

I     idffi,  166. 

Thomisidse,  359. 
\  Nickel  and  cobalt,  Relative  abeorptiou 
I     of,  148. 
1  Nightingale,  343. 
;  Nonnette,  825. 
Norris,  Charles,  Jr.,  78,  100. 
I         See  Chittenden. 
I  Noteroclada,  273. 
1  Notoceridese,  462. 
'  Notoscyphns,  270. 
I  Notospermus,  417. 
i  Notothylas,  275. 

orbicularis,  275. 
Nyctiardea  violacea,  322. 
Nycticorax  naevius,  322. 

violaceus,  822,  349. 

Ocyale,  379. 
Odontolejeunea,  264. 
Odontoschisma,  267. 

sandvicensis,  256. 

sphagni,  267. 

Bubjulaeea,  256. 
CErstedia,  404. 

maculata,  409. 

vittata,  411. 
Officer  bird,  348. 
Omatoplea,  387. 

alba,  394. 

mutabilis,  394. 

pulchra,  395. 

rosea,  394,  895. 

stimpsonii,  390,  392. 
Ommatoplea,  387,  388. 

pulchra,  395. 
OmphalanthuB,  263. 
Omphalolejeunea,  264. 
Opheomorphus  juliaB,  851,  852. 
(^hidia,  851. 
C^hionemertes,  887,  889. 

agilis,  400. 
Opossum,  818. 
Orthorhynchus  exilis,  334. 
Ortolan,  324. 
Osprey,  825. 
Otigoniolejeunea,  264. 
Otiona,  277. 
Owl,  817,  326. 
Ozymitra,  278. 
Oxyptila,  866. 

cinerea,  866. 

Palaemon  jamaicensis,  853. 

Paheomertina,  441. 
I  Palffionemertea,  441. 
I  Palaeonemertini,  441. 
I  Pallavicinia,  274. 
'         baldwinii,  259. 
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Pallavicinia  oylindrica,  259. 

lyellii,  274. 
PalndicolaB,  822. 
Pandion  haliaBtns,  826. 

oarolinenBiB,  826,  849. 
Pa-pia,  342. 
P^lobtOin,  188. 
Paraldehyde,  62,  64. 

Influence  of,  89,  44. 
Parrot,  828,  889. 
Partridge,  Black,  824. 
Crescent,  825. 
Bed,  824. 
Paseeres,  385. 
PedinophyUnm,  270. 
Pelagonemertes,  446. 
Pelecanids.  820. 
Pelecanns  rnscns,  820,  849. 
PeUenes  nigriceps,  244. 
Pellia,274. 

epiphyUa,  274. 
Peltolejennea,  264. 
Peltol^ieis,  276. 
grandis,  276. 
Penfield,  Samuel  L.     See  Meyer. 
Penwe,  887. 

Pepsin-hydrochloric  acid,  29,  87,  79. 
Perdriz  ieeeong,  825. 
noire,  824. 
rouge,  824. 
Perforata,  210. 
Peritch,  889. 
Perroquet,  828. 
Perro-vanter,  847. 
Petalophyllum,  278. 

ralfsii,  278. 
PhaSthon  flavirostris,  820,  849. 
PhaSthontidffi,  820. 
Phagooata,  498,  508. 
Phaffooatid£B,  508. 
Phidippns,  221. 

albomaculatus,  227. 
auctus,  224. 
bronnens,  222,  225. 
galatea,  227. 
moTsitans,  227. 
multif ormis,  224. 
mystaoeus,  222,  227. 
pnrpuratus,  227. 
raber,  222,  224,  226. 
rufoB,  222,  224,  226. 
triptinctatus,  222,  227. 
PhilflDUB  militaris,  280. 
PbilodrominflB,  859. 
Philodromuf},  872. 
bidentatus,  875. 
brevis,  875. 
lineatus,  874. 
mintisculus,  874. 
oroatus,  874. 
pictns,  878. 
plaoidufl,  874. 
praelustris,  872. 
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I  Philodromus,  robuatua,  876. 

rufus,  878. 

signifer,  872. 

Tulgaria,  872. 
Phlegra  leopNEtrdus,  228,  242. 
Phonipara  bioolor,  888. 

omissa,  888. 
Phragmicoma,  268. 
'         dongata,  258. 

sandvicensiB,  258. 
I         subsquarrossa,  258. 
Phrorolithus,  188. 
I         alarius,  188,  189. 

pugnatus,  188. 
;  Physiotium,  265. 

cochleariforme,  255. 
I         oonchaefolium,  255. 
I         sphagnoidee,  255. 
)         subi^flatum,  255. 
Pigafettoa,  268. 

orenulata,  268. 
I  Pineapple,  Ferments  contained  in  the 

juice  of,  281. 
I  Pipiree,  885. 
Plagiochasma,  277. 
)  cordata,  260. 

I  PlagiochOa,  264,  270. 

acutiuscula,  257. 
I  adiantoides,  257. 
'         asplenoides,  270. 

baldwinii,  257. 

biserialis,  257. 

brauniana,  257. 
I         deflexa,  257. 
'         deltoidea,  257. 

eatoni,  257. 

flssidentoides,  257. 
j         flava,  257. 
,         frondesoens,  257. 
'         gaudichaudii,  257. 
I       ^gracillima,  256. 
I         oppositifolia,  257. 

owaihiensis,  257. 

patens,  257. 

patula,  257. 

simplex,  256. 

tenuis,  257. 
Planaria  angnlata,  890,  892,  489,  500. 
I         affinis,  504. 

Candida,  404,  405. 

dorsalis,  409. 

fiHformis,  442. 

frequens,  506. 

fusca,  488,  489. 

gesserensis,  418. 

grisea,  504,  505. 

lactiflorea,  894. 

limuU,  499. 

linearis,  442. 

littoralis,  504. 

octoculata,  428. 

quadriooulata,  404. 

rosea,  895. 
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Planaria  sangainea,  423. 

xQv8B,  506. 

viridiB,  418. 
FlanarianB,  marine,  of  New  England,  A. 

E.  Vemll,  459. 
Planaridse,  508. 
Planocera,  471,  474. 

eUiptica,  467,  471. 

nebnlosa,  472. 
PlanotferidaB,  462,  494. 
Planoceropsis,  471. 
Plantain-eater,  887. 
Flatylejeiinea,  264. 
Plenranthe,  270. 
Plenroolada,  268. 

albescenB,  268. 

islandica,  268. 
Plenrodictynm,  207,  211. 

lenticnlare,  207,  215. 

problematicTun,  211. 
Plenroschisma,  267. 
PlenroBohismotypoB,  267. 
Plenrozia,  265. 

ooohleariformis,  255,  265. 

conchiefolia,  255. 

gigantea,  255.     . 

snbinflata,  255. 
Podanthe,  272. 
Podanthes,  272. 
Podomitrium,  274. 

phyllanthnB,  274. 
PoBcUochroa,  174. 

bilineata,  175. 

montana,  175. 

variegata,  174. 
Polia,  887,  404. 

mandilla,  894. 

obscura,  419. 

vermicnlTis,  407. 
PoUna,  887,  888. 

glntinosa,  897. 

grisea,  898. 
PolyceliB,  477,  482. 

mntabilis,  498. 
PolychoBTOfl,  510. 

caudatns,  511. 
Polyoladidea,  460,  461,  501. 
PolyotuB,  266. 
PolysoeliB  variabilis,  480. 
Polyatemma,  887,  888. 

pulohrum,  888,  895. 

rosenm,  888,  895. 
Porella,  265. 

hawaiienflis,  254. 

Iseyigata,  254. 

porella,  265. 
Porphyrio  martinicuB,  822. 
Poeeidon,  417. 

affinls,  428. 
Potamolejennea,  264, 
Poule  d'eau,  822. 
Prasanthns,  272. 

snecicam,  272. 


Prawn,  853. 
PreiBsia,  276. 

commntata,  276. 
PrionolobuB,  267. 
Prionolejeunea,  264. 
ProoellariidBB,  820. 
Procerodes,  506. 

freqnens,  506. 

nlvsB,  506. 

wbeatlandii,  506. 
Progne  dominicensifi,  840,  84fll 
ProBthesima,  169,  172,  174. 

atra,  172. 

depreBsa,  178. 

ecoleedastica,  172,  173. 

fonesta,  172. 

melancholica,  166,  172. 

propinqna,  173. 
Prosthiostomidffi,  496. 
Prosthiostomum,  496. 

gracile,  496. 
Proteid  metabolism,  Influence  on,  2,  39. 
Proteolytic  action,  60,  68,  281.  286.  801 
Protocephalozia,  267. 
Protoelastose,  25,  29,  87. 
Protomyosinose,  142. 
Pseudonenxa,  275. 
Psendotelphnsa  dentata,  317,  358. 

tennipes,  358. 
Psiloclada,  270. 

olandestina,  270. 
Psittaci,  327. 
Psittacidffi,  327. 
Pteropsiella,  267. 
PtilidiefB,  265. 
Ptilidinm,  265. 

ciliare,  265. 
I  Ptychanthns,  264. 
Ptycholejunea,  264. 
Pycnolejennea,  264. 
Pyonoecenns,  278. 
PylaruB  bicolor,  201. 
Pythonissa,  177. 

imbecilla,  176,  177. 

Qnartz,  Etching  a  sphere  and  cryBtal  of, 
158. 

Radnla,  264,  269,  270. 
complanata,  264. 
javanioa,  254. 
mannii,  254. 
reflexa,  254. 
xalapensis,  254. 
RadnliB,  265. 
,  RadnlotypoB,  264. 
Rallid®,  322. 
Ramier,  828. 
,         Black,  823. 

White-headed,  328. 
Rana  catesbiana,  310. 
I         TirescenB,  310. 

NephroBtomes  of,  300. 
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Raptores,  825. 
Rebonlia,  277. 
Renieria  rubra,  486,  437. 
Reptilia,  851. 
RhabdoooBla,  460. 
Rhaootbeoa,  277. 

azorica,  277. 
Rhagadocephala,  416,  442. 
Rh<^anthnB,  278. 

mnioides,  278. 
Rhynchodemns  sylvatioiia,  498. 
Riccardia,  175. 
Riocia,  278. 

fimbriata,  278. 
Ricciaoeffi,  278. 
RiccieaB,  278. 
Ricoiella,  278. 
Riociocarpns,  278. 
Ricbardia,  275. 
Riella,  278. 
Ringdove,  828. 
Robin,  887. 
Roemeria,  275. 
Rpmingeria,  210,  212,  218. 
Rosingnole,  848. 
Roncinia  brendellii,  869. 
Rnpinia,  278. 

Saccogyna,  269. 

aostralis,  269. 

bolanderi.  256. 

jngata,  269. 

viticolosa,  269. 
Saccogjnece,  268. 
Saitis,  228. 

pulex,  228,  246. 

x-notata,  246. 
Saltator  albicoUis,  889. 

gnadelupensis,  889,  849. 
Salticns,  224. 

ephippiatns,  224,  249. 

scenicns,  288. 
Sandea,  276. 

sapradecomposita,  276. 
Sarcomitrium,  275. 
Sarooeoyphos,  271. 
Saateria,  276. 

alpina,  276. 
Sayomis  phoebe,  887. 
Scalia,  278. 

bookeri.  278. 
Scapania,  264,  269. 

cblorolenca,  269. 

densifolia,  269. 

nemorosa,  256,  269. 

oakesii,  256. 

planifolia,  256. 

nndnlata,  256,  269. 
Scapanise,  269. 
Scbisma,  266. 
Scbistocalyx;  269. 
ScbifltocbiJa,  271. 
Scbizonemertea,  416. 


Schizonemertina,  442. 
Scbizonemertini,  416. 
ScbizostipaB,  264. 
ScincidaB,  852. 
SoolopacidaB,  822. 
Scopnlina,  274. 
SeinroB  noveboraoensis,  848. 
Sendtnera,  266. 

gracilis,  255. 

jnniperina  var.  sangoinea,  255. 

tristioha,  255. 
Serpentaria,  482. 

fragilis,  488. 
Setopbaga  ratioilla,  848,  850. 
Shawah,  326. 
Siffleor  montagne,  844. 
Skink,  352. 
Snake,  851. 
Snipe,  822. 
Sojer,  853. 
Soldier,  353. 
Soleil  concber,  836. 
Solenostoma,  272. 
Soutbbya,  271. 
Sparrow,  Cbipping,  345. 

Yellow-winged,  388. 
SpbsBrocarpese,  278. 
Spbserocarpns,  278. 

terrestris,  278. 
Spbffirodactylos  copii,  355. 

oxyrbinus,  351,  355. 
SpbagncBcetis,  267. 

sandvicensis,  256. 
Spbenolobns,  269,  271. 
Spiders  of  New  England,  166,  220,  359. 
Spinns  tristis,  343. 
Spizella  socialis,  345. 
Spongodes,  278. 
Sprucella,  267. 

succida,  267. 
Steatoda  marmorata,  194. 
Sieetzia,  274. 

baldwinii,  259. 

cylindrica,  259. 
Steganopodes,  320. 
Stenogyra  ootona,  357,  358. 
Stenogyridee,  357. 
Sterna  anaBtbetos,  349. 

antillanun,  349. 

dongaUi,  349. 

fnliginosa,  319,  349. 
Stewart,  C.  W.     See  Cbittenden. 
Stictolejeonea,  264. 
Striatopora,  209,  211. 
Strigidae,  326. 

Strix  flammea  nigrescens,  317,  326,  349. 
Stylocbidse,  462. 
Stylocboplana  macolata,  468. 
Stylocbopsis,  462. 

littoraUs,  467. 

zebra  463. 
Stylocbns'  462,"  467,  471,  474. 

crassus,  466. 
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Styloohus  frontaliB,  465. 

littoralis,  467,  471. 

macnlatns,  467,  469. 

zebra,  468. 
Suocinea  approximans,  858. 
Snorier,  840,  844. 

Sugar  and  Albumin,  Excretion  of,  5. 
Suffarmaker,  840. 
Sulphate,  Tballin,  62,  65. 
Sulphuric  acid,  98-95. 
Sunset  bird,  886. 
Surique,  858. 
Swallow,  880,  840. 
Sykorea,  269. 
Symphyogyna,  274. 

semi-inyolucrata,  260. 
Symphyomitra,  271. 
Synagelee,  224. 

picata,  224,  250. 
Synemoeyna,  224. 

ephippiata,  249. 

formica,  224,  248. 

picata,  250. 
Synhymenlum,  277. 
Syringopora,  210,  212. 
Syzygiella,  271. 

Tanagridn,  389. 
Targionia,  277. 

hypophylla,  277. 
Targionieae,  277. 
Tanlejeunea,  264. 
Taylor,  H.  C,  58. 
Teeteen  841. 
Tegenaiia,  188,  191,  198,  195. 

brevis,  194. 

civilia,  198. 

derhamii,  198. 

domestica,  198. 

medicinalis,  191,  192,  198. 
TeiidaB,  852. 
Temnoma,  271. 
Tessellina,  278. 

pyramidata,  278. 
Testudinidae,  852. 
Testudo  tabulata,  852. 
Tetlong,  Cheweck,  840. 

Fou  Fou,  881. 
Tetraatemma,  882,  886,  401,  404. 

agzicola,  404. 

arenioola,  425. 

Candida,  405. 

candidum,  404,  405. 

dorsale,  409. 

var.  marmoratum,  410. 
var.  unicolor,  410. 

dorsalis,  409. 

elegans,  406. 

fufioum,  409. 

groenlandlcum,  405. 

marmoratum,  409. 

roseum,  412. 

varicolor,  404. 


Tetraatemma  variegatum,  409. 

vermicula,  407. 

vermicxQus, .  407. 

var.  catenuLatum,  408. 

vittatum,  411,  412. 
TetrastemmidflB,  886. 
Thallin  sulphate,  62,  65. 
Thallocarpus,  278. 

curtisii,  278. 
Thalurania  bicolor,  881,  388,  849. 

wagleri,  888. 
Thanatus,  879. 

coloradensis,  879. 

lycosoides,  879. 
Thecadactylus  rapicauda,  855. 
Theln  and  caffein,  63,  65. 
Therapeutic  agents  on  amylolytic  and 
I     proteolytic  action.  Influence  of  sercnl 
I     new,  R.  H.   Chittenden  and  C.  W. 
,      Stewart,  60. 
I  TherididflB,  221. 
I  ThomisidBB,  859. 
ThomisinaB,  859. 
Thomisus  aJeatorius,  869. 

asperatus,  870. 

caudatus,  876. 

duttonii,  878. 

fartus,  868. 

ferox,  860. 

vulgaris,  872. 
Thrasher,  Brown,  843. 
Thricolea,  265. 
Thrush,  Brown,  848,  846. 

Large,  846. 

Small,  345. 

Wood,  346. 
Thryothoms  rufescens,  848,  850. 
Thyopsiella,  268. 
Thysananthus,  264. 
Thysanolejeunea,  264. 
TibeUus,  878. 

duttonii,  878. 
Tinnunculus  caribbiearum,  326. 

sparverius  antillarum,  826. 
Tmarus,  876. 

caudatus,  876. 
Toad,  850. 

Tree,  351. 
Tourterelle,  328. 
Toxic  action,  7. 
Trachelas,  184. 

ruber,  184. 
Trachycolea,  263. 
Trachylejeunea,  264. 
Tree  toad,  351.  . 
Trembler,  843. 
Trembleur,  348,  848. 
Treubia,  274. 

Tricladidea,  461,  497,  501. 
Trichocolea,  265. 

graciUima,  255. 

tomentella,  266. 
Tricolea,  265. 
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Trigonantlms,  267. 
Trigonoporas.  478,  486. 

oephalophthalmtis,  487. 

dendritioTis,  491. 

foUnm,  487,  492. 
Tringa  minntiUa,  850. 
Tringoides  macnlarins^  322. 
Trochilid»,  880. 
Troglodytes  afidon,  844. 
TK^odytidaB,  848. 
Trypein,  85,  86,  96,  97,  99. 
Tnrbellaria,  460. 
Tnrbinares,  820. 
Tnrdidse,  844. 
Ttirdns  mostelinns,  846. 
TnrUe,  852. 
TnrtledoTe,  828. 
Tnttle,  C.  A.,  66,  78. 
Twar-oo,  819. 
Tylimanthns,  272. 

integrifolioB,  259. 
Typhlocolax  acatns,  514. 
Typhlolepta  acuta,  514. 
I^Tlilopidw,  851. 
T5l)hlop8  Ininbricalis,  851. 
TyrannidaB,  885. 
Tyrannns  roetratns,  885,  849. 

tyrannns,  885. 

Umbraculani,  274. 

Uraninm  salts.   Some  experiments  on 

the  physiological    action  of,   R.    H. 

Chittenden  and  Alexander  Lambert,  1 . 
Uraninm,  toxic  action  of,  7. 
Urethan,  89,  61,  64. 

Vaginnla  punctatissima,  857,  858 

Vaginnlidae,  857. 

VerriU,  A.  E.,  DinophilidaB  of  New 
England,  457. 

Marine  nemerteans  of   New  Eng- 
land and  adjacent  waters,  882. 

Marine    planarians  of    New    Eng- 
land, 459. 

Verrill,  G.  E.  Notes  on  the  fauna  of 
the  Island  of  Dominica,  British  West 
Indies,  with  lists  of  the  species  ob- 
tained and  observed  by  A.  H.  and  G. 
E.  VerriU,  815. 


Veepertilio  migricans.  817. 
Vireo  calidris,  840,  849. 

olfyaoeus,  840. 
VireonideB,  840. 
Vireos^lvia  altiloqua,  840. 

calidris,  840. 

yar.  dominicana,  840.   ' 
Vortex  Candida,  499. 

warreni,  504. 


Washburn,  N.  P.,  89. 
Water-hen,  322. 
Whistler,  Mountain,  844. 
Wood  thrush,  846. 
Worm,  Blind,  851. 
Qru  gru,  854. 
Wren,  House,  844. 

Xiphosurus  oculatus,  852,  855. 
Xysticus,  860. 

benefactor,  862. 

brunneus,  860. 

crudelis,  860. 

elegans,  861. 

feroolus,  868. 

formosus,  865. 

graminis,  864. 

gulosus,  861. 

inomatus,  366. 

lentus,  861. 

limbatus,  860. 

locuples,  861. 

nervosus,  362. 

quadrilineatus,  865. 

stomachosus,  862. 

triguttatus,  368. 


Zee  zee  zav,  888. 

Zee  zee  zeb,  888. 

Zenaida  martinicana,  828,  849. 

Zo5psis,  267 

Zygoballus,  228. 

bettini,  228,  280. 

terrestris,  228,  281. 


ERRATA. 

Page  166,  fifth  line  from  bottom,  for  melancholia,  read  melancholica. 
Page  170,  eleventh  line  from  bottom,  for  C.  orocata,  read  G.  crocata. 
Page  170,  seventh  line  from  bottom,  for  C.  bivittata,  read  G.  bivittsU ;  also,  {l 

171,  sixth  and  sixteenth  lines  from  top  and  ninth  line  from  bottom. 
Page  191,  ninth  line  from  top,  for  Cselotes,  read  Coelotes. 
Page  288,  fourth  line  from  bottom,  for  oins,  read  Icios. 

Page  817,  sixth  line  from  top,  for  A.  flammea  nigrescens,  read  S.  flammca  nigni' 
oens. 

Page  887,  fonrteenth  line  from  bottom,  for  schlateri,  read  aolateri. 

Page  442,  second  line  from  top,  for  Schizonertina,  read  Schizonemertina. 
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